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PettfocAiya  per/bran*.    PL  xv.. 
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— •* ; 
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210 
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528 
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Carboniferous .. 

Carboniferous .. 
Carboniferous.. 
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Ireland..., 


Ireland..., 
Wexford 


39 
105 


37 
38 

35 

37 


Annvlosa. 

(Crustacea.) 

CaUianana  isockela,  PL  vi.  f.  1,2  .     Kimmeridge    ...'Sussex i      48 

Harpactocarcinus  tumidus.    PL  rii.     , Tertiary   | New  Zealand  ...     j       48 

Mecochirus  Peytoni,  PL  ri.  f.  3,  4 [Kimmeridge     I  j^ex  tnd  |  ]      52 

(Arachnida.) 
Butcorphts  angliein.  PI.  viii |Carboniferous  ...|Scot1and |      58 

(Insecta.) 

Gryllacris Brongntarti.  PL  ix.  f  2 (Carboniferous  ...Scotland  I      60 

IMkomantis  ea^bonariuf,  PL  ix  f.  I.... [Carboniferous  ...'Coalbrookdale 62 


Digitized  by  VjOOQ IC 


FOSSILS  FIGTJEED  AND  DESCRIBED. 


IX 


Name  of  Species. 

Formation. 

Locality. 

Page 

Van- 

Caliorkyncku*  Hectoru    PLxxi.f.6-9 
Ctenacaiithus,  tp.   

riBEATA. 

fecet.) 

Lower  Greenland 
Carboniferous ... 
Carboniferous . . . 

New  Zealand  

Yorkshire    ......... 

329 
335 

Gen.  nov 

Yorkshire    

339 

Hephmekui 

Carboniferous... 
Lower  Greenland 

Yorkshire    

339 

Ischjrodua  brevirostris,    PL  xxi  f.  1-5 

New  Zealand  

327 

(Batrachia.) 
LmtyrmikodonLavuL?\.x\x jTriassic   {Devonshire '    278 


Cynodrmco  major.    PL  xi 

Pareiawamrua  tomtident.    PL  y.  f. 
4-7   

serridens.    PL  ▼.  f.  3    

Tapmocepkabu  Atherttoniu  PL  iv. 
£l,2.  


Enaliornis  BarrettL  PI.  xxvL  f.  1- 
11,14-27,  and  PL  xxrii.  f.  1-5, 
12,19-26 

Sedgwick!    PL  xxvi.  f.  12, 13, 

and  PI.  xxviL  f.  6, 7, 9-11,  and  13 
-18 , 


{ReptUia.) 


Triassic 


South  Africa 


Upper  Greenland  Cambridge 


(Mammalia,) 


d 


95 

44 

45 

43 


499 
506 


270 
269 


Digitized  by  VjOOQ IC 


EXPLANATION  OF  THE  PLATES. 


Plate                                                                                                Pact 
I.  \  Sections  op  Granitoid  Bocks  of  the  Lake  District,  to  fllus- 
II.  j      trate  Mr.  J.  Clifton  Ward  s  paper  on  these  rocks 34 

ttt  f  Palaeozoic  Echini,  to  illustrate  Mr.  W.  Keeping's  paper  on 
mt     those  Fossils ......  ..._.....    42 

jY  f  Vertebra  op  Tapinocephalus  and  op  Parbiasaurus  bombi- 
y*  -I      dens,  to  illustrate  Prof.  Owen's  paper  on  some  Dino- 
'[     saurian  Vertebrae . 46 

yj  [New   Kimmeridge-Clay  Crustacea,  to  illustrate  Mr.  H. 
'\     Woodward's  paper  on  those  fossils 60 

yjy   f  Harpactocarcino8  tumid  us,  to  illustrate  Mr.  Woodward's 
1     paper  on  that  species    56 

vttt  /  British  Fossil  Scorpions,  to  illustrate  Mr.  H.  Woodward's 
V111\     paper  on  those  fossils  56 

j y  f  LrrHOMANTi8  CARBONARius,  to  illustrate  Mr.  H.  Woodward's 
\     paper  on  that  Insect 64 

^   f  EosooN  and  Archjeosphariks,  to  illustrate  Mr.  J.  W.  Daw- 
\     son's  paper  on  the  occurrence  of  Eozoon  at  C6te  St  Pierre.    74 

yt  f  Ctnodraco  major,  to  illustrate  Prof.  Owen's  paper  on  that 

^•t     Eeptile  102 

# 
_XII.  1  Astbocrinites?  Bbnniei,  to  illustrate  Mr.  R.  Etheridge  Jun.'s 


XIII.  J      paper  on  that  fossil  114 

r  Geological  Map  and  Section  of  Anglesey  and  the  adjacent 
XTV.  \      part  of  Wales,  to  illustrate  Prof.  Ramsay's  papers  on  the 

I     Island  of  Anglesey  and  the  Valley  of  the  Dee  122 


Map  and  Section  of  a  part  of  East  Anelia,  to  illustrate  Mr. 
XV.  \      W.  H.  Penning's  paper  on  the  Physical  Geology  of  East 

*     "    during  the  Glacial  Period    204 


f  Map  and 
A      W.H. 

I       Apgli% 

YVT  /  Palaachyla  pbrpoeans,  to  illustrate  Prof.  Duncan's  paper 
AY1, 1     on  that  plant 210 

ytttt  /  Mebyoochcbrus  temporalis,  to  illustrate  Mr.  Bettany's  paper 
xvu'  t     on  that  fossil .!7..  272 

vvttt  /  Meetcocuoeeus  Leidti,  to  illustrate  Mr.  Bettany's  paper  on 
XVIII\     that  fossil  .....3. 272 

Digitized  by  VjOOQ IC 


EXPLANATION  OF  PLATES.  XI 

Plate  Page 

•tty  I  Labybinthodon  Lav i si,  to  illustrate  Prof.  Seder's  paper  on 
A1A"\     that  fossil  284 

f  Map  of  the  District  of  Sehemnitz  in  Hungary,  with  Section, 
XX.  \      to  illustrate  Mr.  Judd's  paper  on  the  Ancient  Volcano  of 

[     that  District  324 

ttt  J  Cbetacbous  Chdlbboids,  to  illustrate  Mr.  Newton's  paper 
AA1-\     on  those  fossils 330 

yytt  /TABMAifiAir  Corals,  to  illustrate  Prof.  Duncan's  paper  on 
A2L11t     those  fossils    360 

yyjyj  f  Bock  Sections,  to  illustrate  Mr.  Allport'spaper  on  the  Meta- 
ls    morphic  rocks  surrounding  tiie  LeidVliamasa  of  Granite  426 

XXIV.  1  Adherent  Producti  and  Spieirriha,  to  illustrate  Mr.  R. 
XXV.  j      Etheridge  Juil's  paper  on  those  fossils  464 

XXVL  \  Rem  aims  or  British  Fossil  Cretaceous  Birds,  to  illustrate 
XXVILj      Prof.  Seders  paper  on  those  fossils   512 

XXVUL  1  Haitian  fossil  Shells,  to  illustrate  Mr.  B.  J.  L.  Guppy't 
XXIX  J      paper  on  the  Miocene  fossils  of  Haiti 532 


Digitized  by  VjOOQ IC 
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59,  line  2,  for  carbonarius  read  anoiicus. 
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beds  2-4. 
205,  line  5,  and  210,  line  8  from  bottom,  for  Plate  XV.  read  Plate  XVL 
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,••/•;  Introduction. 

The  Skjddaw  Granite  occurs  over  several  detached  areas  of  small 
extent  in  foe  mountain  tract  on  the  north  side  of  Skiddaw  and  Blen- 
cathra^'ntdch  of  which  is  known  as  Skiddaw  Forest,  the  birth-place 
of  thi§  river  Caldew.    The  alteration  in  the  surrounding  Skiddaw 
Slate  extends  in  every  direction  for  two  or  three  miles  from  the  cen- 
tral •mass,  and  is  necessarily  somewhat  varied  in  character  by  the 
•.'changeable  nature  of  the  slate,  which  not  unfrequently  contains  beds 
•;<£  a  sandy  or  even  gritty  texture.     This  last  fact  must  be  carefully 
•.Dome  in  mind  when  we  consider  the  metamorphism  which  has  been 
effected. 

As  in  the  last  part  of  this  memoir,  the  subject  shall  be  dealt  with 
under  the  three  heads  of : — I.  Examination  in  the  field.  II.  Micro- 
scopical Examination.     III.  Chemical  Examination. 

In  an  Appendix  short  notices  are  given  of  similar  researches  on 
these  and  kindred  rocks. 

I.  Examination  in  the  Field. 

1.  Unaltered  Slate. — The  general  character  of  the  unaltered  clay- 
slate  is  that  of  a  bluish  grey  cleaved  rock,  seldom  forming  slates  of 
any  value,  but  generally  weathering  into  small  flakes  and  chips  or 
into  pencil-like  fragments.  The  sandy  or  gritty  beds  are  usually 
uncleavei — but  are  very  inconstant  in  character,  and  over  the  area  in 
question  do  not  form  beds  of  any  thickness. 

2.  First  Stage  of  Alteration  :  Chiastolite  Slate. — On  approaching 
the  Skiddaw-granite  area  from  the  south,  as  on  walking  up  the  valley 
between  Skiddaw  and  Blencathra,  the  first  trace  of  alteration  met 
with  is  the  appearance  of  small  faint  spots  on  the  cleaved  surfaces  of 
the  slate.  These  increase  in  number  and  size ;  and  many  of  them, 
becoming  more  definite,  assume  the  form  of  crystals  of  chiastolite, 
which  are  soon  found  to  traverse  the  slate  in  every  direction,  so  that 
very  various  sections  of  their  rhombic  form  are  displayed,  frequently 
showing  a  dark  centre.  The  band  of  the  chiastolite  slate  is  seldom 
more  than  a  quarter  of  a  mile  in  width. 

3.  Second  Stage  of  Alteration  :  Spotted  Schist  (Knotenschiefer). — 
The  slate  just  described  passes  gradually  into  a  rock  of  a  general 
schistose  character.  It  becomes  more  massive  and  less  cleaved,  the 
planes  of  cleavage  being  replaced  by  those  of  an  imperfect  foliation, 
which  retain,  however,  the  same  general  strike  and  dip,  though  they 
are  frequently  contorted. 

The  foliation  seems  to  be  due  to  the  development  of  innumerable 
little  spots,  mostly  of  a  rectangular  or  oblong  form,  lying  with  their 
longer  axes  in  the  planes  of  foliation ;  and  they  give  the  rock  a  gene- 
ral  dark  and  spotted  appearance.  Large  crystals  of  chiastolite  and 
andalusite  *  frequently  traverse  the  mass ;  and  in  many  parts  minute 
spangles  of  mica  appear. 

*  It  will  be  borne  in  mind  that  chiastolite  is  but  a  yariety  of  andaluaite,  and 
the  latter  terra  may  sometimes  be  used  to  include  both. 
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This  rock,  misnamed  Hornblende  Slate,  is  frequently  well  jointed, 
and  has  furnished  a  great  many  boulders  which  have  been  transported 
southwards  out  of  the  tract  of  Skiddaw  Forest  Its  texture  has  also 
favoured  its  use  for  making  sets  of  musical  stones,  several  of  which 
may  be  seen  in  Keswick. 

4.  Third  Stage  of  Alteration :  Mica-schist. — The  spotted  schist, 
becoming  increasingly  micaceous,  passes  over  into  mica-schist, 
which,  however,  is  seldom  well  and  typically  developed,  except  close 
round  the  margin  of  the  granite.  It  generally  retains  more  or  less 
of  the  spotty  character,  the  spots  becoming  more  and  more  faint, 
while  sometimes  crystals  of  chiastolite  also  occur. 

The  general  colour  of  this  schist  is  a  light  grey,  passing  into  bluish 
grey.  The  foliations  are  wonderfully  contorted,  as  may  be  especially 
well  seen  near  the  granite,  at  the  junction  of  Grainsgill  Beck  with 
the  river  Caldew.  This  rock  also  weathers  in  places  into  large  blocks, 
which  often  lie  thickly  strewn  upon  the  mountain-slopes ;  but  in  other 
parts  it  readily  crumbles  away,  forming  a  sandy  wash. 

5.  Granite  and  its  Junctions  with  the  Altered  Bodes. — The  granite, 
around  which  these  altered  rocks  lie,  occurs  in  three  detached  masses, 
a  small  patch  exposed  in  Sinen  Gill  (101  S.E.),  a  larger  in  the  upper 
course  of  the  Caldew,  and  a  third  a  little  lower  down  the  same  river, 
and  extending  northwards  to  the  foot  of  Brandy  Gill  (101  N.E.). 
There  is  a  fourth  small  area  of  granite  at  the  head  of  Brandy  Gill ; 
hut  it  is  only  poorly  developed,  and  is  much  decomposed  by  weather- 
ing. It  is  surrounded  by  other  rocks  than  Skiddaw  slates,  and  will 
therefore  be  dealt  with  elsewhere. 

The  Sinen- Gill  and  upper  Caldew  granites  are  precisely  similar  in 
character,  consisting  of  white  felspar  and  dark  mica ;  and  the  Brandy- 
Gill  rock  differs  but  slightly,  and  that  principally  on  the  north,  where 
it  borders  on  rocks  which  do  not  belong  to  the  Skiddaw  Series. 

In  almost  every  case  observed  the  junction  between  the  schist  and 
the  granite  is  well  marked.  Occasionally  the  schist  at  the  point  of 
junction  is  the  dark  and  spotted  rock,  in  which  case  the  line  of  di- 
vision between  the  two  is  very  clear ;  and  in  no  instance  is  there  any 
difficulty  in  drawing  a  geological  boundary  to  these  three  granitic 
masses.  Sometimes  close  to  the  granite  the  rock  becomes  a  little 
gneissic;  but  there  is  no  general  passage  from  mica-schist  into  gneiss 
and  from  gneiss  into  granite. 

II.  Microscopical  Examination. 

The  microscopic  structure  of  the  chiastolite  slate  and  spotted  schists 
has  been  figured  in  the  Official  Survey  Memoir  on  101  S.E. ;  but  the 
accompanying  illustrations  in  Plate  I.  will,  I  think,  throw  additional 
light  on  the  minute  structure  of  these  rocks.  As  in  the  preceding 
section  of  the  memoir,  one  figure  shows  the  actual  junction  of  the 
granite  and  metamarphic  rock. 

1.  Chiastolite  Slate.  (Plate  I.  fig.  1.)— The  example  figured  is  a 
fairly  typical  specimen  of  chiastolite  slate.  In  many  parts  the  non- 
crystalline character  of  the  base  is  clearly  seen,  the  various  particles 

b2 


Digitized  by  VjOOQ IC 


4  J.  CLIFTON  WARD  ON  THE  GRANITIC,  GRANITOID,  AND 

of  which  the  rock  is  composed  standing  out  with  sufficient  distinctness  ; 
but  in  other  parts  the  granular  structure  is  more  or  less  obscured  by  a 
wavy  and  indistinct  meshwork  of  greenish  and  brown  matter,  among 
which  small  mica  particles  are  pretty  generally  diffused. 

The  crystals  of  chiastolite  are  variously  developed  and  are  cut  in 
every  direction,  thus  yielding  many  different  forms  (see  figure), 
the  sections  being  longitudinal,  transverse,  or  oblique  to  the  principal 
axis.  They  invariably  contain  small  particles  of  carbon,  grouped 
mostly,  and  often  exclusively,  at  the  centre ;  and  associated  with 
these  and  also  occurring  in  the  base,  are  short  black  bars,  probably 
of  pyrites. 

The  crystal-sections  have  a  narrow  edging  with  a  netted  appear- 
ance, which  appears  as  a  minute  coloured  mosaic  in  polarized  light, 
while  under  the  same  conditions  the  interior  is  either  coloured  or 
dark  in  spaces  separated  from  one  another  by  minute  canals.  Some- 
times, as  in  the  case  of  the  crystal  the  pointed  end  of  which  is  seen 
at  the  bottom  of  the  figure,  when  the  interior  appears  dark  under 
crossed  prisms,  the  margins  and  canals  stand  out  brightly  illuminated. 
In  ordinary  light  the  interior  has  a  general  light-brown  tint  between 
the  canals. 

In  the  figure  it  would  almost  seem  as  if  the  long  crystal  had  been 
broken  and  its  parts  severed  by  the  formation  of  the  central  lozenge- 
shaped  one ;  and  it  is  curious  to  observe  how  markedly  wavy  the  base 
is  at  the  upper  end  of  one  of  the  long  fragments.  There  also  occur 
a  few  very  minute  scattered  prisms  of  a  mineral  which  may  be  anda- 
lusite,  showing  mostly  red  and  green  colours  in  polarised  light. 

2.  Spotted  Schist  (Knotentchiefer).  (Plate  I.  figs.  2,  3,  &  4.}-- 
The  chief  points  to  be  noted  in  the  microscopic  examination  of  this 
rock  are  the  great  number  of  the  rectangular  spots  and  the  crystalline 
nature  of  the  base.  From  fig.  2  an  idea  may  be  gathered  of  the 
distribution  of  the  spots,  frequently  much  along  the  planes  of  cleavage, 
which  now  become  more  or  less  distinct  planes  of  foliation.  Some- 
times the  spots  are  long  and  narrow  ;  but  the  more  general  form  is 
rectangular  or  oblong.  When  viewed  with  polarized  light,  most  of 
them  distinctly  exhibit  shades  of  colour  arranged  in  the  form  of  a 
cross,  as  shown  in  fig.  3 ;  and  there  seems  to  be  little  doubt  that  the 
spots  are  undeveloped  chiastolite  crystals.  Particles  of  carbon  (?) 
frequently  occur  in  connexion  with  them  as  well  as  in  the  base,  as- 
sociated with  bars  of  pyrites.  In  some  specimens  the  numerous 
decomposing  pyrite  particles  are  very  evident  upon  the  weathered 
outside  as  well  as  under  the  microscope.  The  base  around  these  spots 
is  made  up  of  very  minute  prisms,  showing  red  and  green  colours 
under  polarized  light,  and  frequently  taking  a  flowing  arrangement 
(fig.  4),  whilst  mingled  with  them  are  numerous  flakes  of  mica,  black 
bars  and  dark  patches,  and  some  quartz.  The  prisms,  which  appear 
to  be  rhombic  and  show  no  dichroism,  are  possibly  andalusite.  The 
light-yellowish  parts  near  the  upper  edges  of  figs.  3  and  4  are  quartz, 
and  contain  some  few  liquid-cavities  with  vacuities.  Fine  brown 
cracks  frequently  traverse  the  mass. 
3.  Mica-schist.  (Plate  I.  fig.  5,  right-hand  side.) — The  passage  from 
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the  spotted  to  the  mica-schist  takes  place  by  the  increase  of  mica  and 
quartz  and  the  disappearance  in  great  part  of  the  andalusite  and 
chiastolite.  In  the  most  fully  developed  mica-schist  the  whole  rock 
consists  of  quartz  and  two  micas,  brown  and  white ;  but  in  most 
cases  there  are  either  traces  left  of  the  rectangular  spots,  often  very 
faint,  or  sometimes  even  of  well-developed  crystals  of  chiastolite  or 
andalusite.  Occasionally,  also  a  little  hornblende  appears  to  be  pre- 
sent ;  but  this  mineral  is  by  no  means  a  constant  or  characteristic 
one  in  any  of  the  rocks  of  this  metamorphic  series. 

In  fig.  5  is  shown  the  junction  of  the  granite  and  schist,  the  former 
appearing  white  in  the  specimen,  and  the  latter  being  a  dark  mica- 
ceous schist.  The  junction  is  well  defined,  microscopically  as  well 
as  lithologically,  the  crystalline  particles  of  mica  and  quartz  in 
the  schist  being  small  as  compared  with  those  of  the  same  minerals 
in  the  granite.  Crystals  of  felspar  in  the  schist  seem  also  com- 
paratively rare.  In  the  figure  the  variously  clouded  patches  are 
mostly  quartz,  and  some  crystals  of  triclinic  felspar  occur  on  the 
left-hand  side :  small  plates  of  mica  are  also  present. 

From  the  above  descriptions  it  will  be  seen  that,  the  mineral  horn- 
blende being  scarce,  the  old  name  of  hornblende  slate  is  false  when 
applied  to  the  schistose  rock ;  and  I  think  there  can  be  no  question 
that  it  is  an  andalusite  schist,  probably  the  equivalent  of  the  German 
Xnotenschiefer. 

III.  Chemical  Examination. 

Having  noticed  the  appearance  and  bearing  of  these  rocks  in  the 
field,  and  examined  their  microscopic  structure,  we  turn  to  their 
chemical  composition.  The  following  analyses  have  been  made  for 
me  by  Mr.  John  Hughes,  F.C.S. ;  and  I  prefix  an  analysis  of  Welsh 
slate,  after  Haughton,  to  compare  with  A. 
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3-30 


66-725 
14182 
1176 
2*342 
3-261 
1-981 
7306 
trace 
trace 
trace 

•294 
trace 
3-733 


64-448 
23930 
1-288 
2-379 
3-010 
2-086 
8-883 
trace 
1-801 
085 
trace 
trace 
2-090 


53174 
24-460 
1-512 
1-946 
5-037 
2-930 
8-634 
•246 

•128 
trace 
trace 
1-933 


75223 
11140 
1-624 
1-081 
4516 
3-996 
1-771 
trace 

•149 
trace 
trace 

•500 


100-000 


100-000 


100  000 


100000 
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In  selecting  the  specimens  for  analysis,  I  have  endeavoured  as 
far  as  possible  to  take  samples  which  should  be  fairly  representative 
of  the  rocks. 

The  correspondence,  in  chemical  composition,  between  the  spotted 
and  mica-schist  is  exceedingly  close,  although  the  specimens  them- 
selves were  very  different  in  appearance ;  while  the  analyses  of  these 
rooks  differ  considerably  from  those  of  the  chiastolite  slate  and  the 
granite.  Indeed,  chemically  the  chiastolite  slate  more  nearly  ap- 
proaches the  granite  than  do  the  intermediate  rocks,  B  and  C.  The 
large  proportion  of  alumina  in  B  and  C  accounts  for  the  great 
development,  especially  in  B,  of  the  little  concretionary  spots,  in 
which  the  excess  of  alumina  would  appear  to  be  secreted.  Carina 
gives  a  set  of  analyses  of  spotted  schist  which  show  a  higher  per- 
centage of  silica  than  do  either  B  or  C  (see  Appendix,  p.  9). 

Now  there  can  be  no  doubt  whatever  about  the  fact  of  the  chias- 
tolite slate  passing  into  the  spotted  schist;  and  it  is  somewhat 
surprising,  at  first  sight,  to  see  such  a  manifest  decrease  in  the  per- 
centage of  silica  and  increase  in  that  of  alumina.  But  the  analyses 
of  clay  slate  are  very  variable,  and  it  is  quite  possible  that  another 
sample  of  a  similar  rock  from  the  same  neighbourhood  would  present 
a  closer  correspondence  in  chemical  composition  than  does  A  to  B, 
more  nearly  resembling  the  Welsh  slate. 

The  chief  difference,  chemically,  between  the  metamorphic  rocks 
A,  B,  C,  and  the  granite  D,  is  that  the  latter  shows  a  very  marked 
increase  in  the  percentage  of  silica  and  a  decrease  in  that  of  alumina. 
The  question  therefore  arises,  Is  it  possible  to  consider  the  granite 
in  this  case  the  extreme  term  of  metamorphism  of  these  roehst 
Prof.  Fuchs,  in  describing  a  similar  series  of  metamorphic  rocks 
occurring  in  the  French  Pyrenees*,  shows  that,  in  the  extreme 
terms  of  the  typical  mica-schist,  gneiss,  and  granite,  the  silica  and 
alkalies  are  increased  and  the  alkaline  earths  and  iron  are  decreased. 
But  at  the  same  time  he  states  that  the  increase  in  silica  seems  to 
have  been  independent  of  the  metamorphism,  and  mentions  unaltered 
clay  slates  traversed  by  white  quartz  veins.  It  seems,  however, 
very  hard  to  make  this  distinction ;  for  the  formation  of  quartz  veins 
implies  metamorphic  action  produced  by  heated  waters  carrying 
silica  in  solution,  and  this  action  probably  effected  under  great 
pressure.  Indeed  the  whole  series  of  changes,  from  the  unaltered 
clay  slate  to  the  mica-schist,  is  one  pointing  strongly  to  aqueous 
action  under  great  pressure — in  other  words,  to  a  very  moist  heat. 
It  is  quite  conceivable  that,  under  such  circumstances,  those  rocks 
most  deeply  buried  would  become  most  highly  silicated ;  and  there- 
fore it  will  not  do  to  say,  in  all  cases,  that  a  rock  A  could  not  have 
been  converted  into  another,  D,  because  of  the  much  lower  per- 
centage of  silica  in  A  than  D ;  but,  at  the  same  time,  when  two 
rocks  such  as  our  C  and  D  are  found  close  to  one  another,  it  seems 
highly  improbable  that  D  has  been  produced  by  metamorphism  out 
of  the  surrounding  rock  C. 

When,  therefore,  all  the  evidence  in  this  case  is  taken  into 
*  LeonhnrcTB  Jahrbuch,  1870,  p.  717. 


Digitized  by  VjOOQ IC 


ASSOCIATED  METAMORPHIC  ROCKS  OJ?  THE  LAKE-DISTRICT.  7 

account,  it  seems  to  me  most  reasonable  to  infer  that  the  granite  of 
8kiddaw,  which  we  see  exposed  at  the  surface,  was  not  formed  by 
the  extreme  metamorphism  of  the  rocks  immediately  surrounding  it. 
Had  this  been  the  case,  there  would  probably  hare  been  a  more 
gradual  passage,  a  transition  from  mica-schist  into  gneiss,  and  from 
gneiss  into  granite,  and  the  chemical  composition  of  the  junction 
rocks  would  not  have  differed  by  so  much  as  22  per  cent  of  silica. 
At  the  same  time,  as  just  now  hinted,  it  is  by  no  means  improbable 
that  the  granite  was  formed  out  of  rocks  of  a  similar  class,  at  a 
somewhat  greater  depth ;  and  the  granite  thus  formed,  and  eating 
its  way  upwards,  would  probably  in  great  measure  absorb  into 
itself  tie  rocks  immediately  around.  In  connexion  with  this  pro- 
bable partially  intrusive  nature  of  the  granite,  the  much-contorted 
character  of  the  mica-schist  close  around  it  may  be  noted. 

A  further  examination  of  the  analyses  shows  that  the  last  item 
mentioned  in  each  case  represents  both  water  and  carbon,  thus : — 


Water     

Carbonaceous  matter . . 

A 

1-698 
2-035 

B 
1-298 
0-792 

C 

1-216 
0-717 

D 
0-397 
0-103 

3-733        2-090         1-933        0-600 

We  have  already  seen  that  microscopical  examination  shows  the 
presence  of  carbon  in  considerable  quantity  in  connexion  with  the 
crystals  of  chiastolite;  and  it  decreases  in  amount  through  the 
various  terms  of  the  series ;  the  same  seems  to  be  the  case  with  the 
proportion  of  water. 

It  is  interesting  to  note  that  the  proportion  of  phosphoric  acid 
increases  from  A  to  D,  just  as,  in  Part  II.,  we  saw  it  increase  among 
the  more  highly  altered  members  of  the  volcanic  series,  accompanied 
by  a  decrease  of  carbonic  acid ;  but  the  percentage  of  phosphoric  acid 
in  the  specimens  of  slate  analyzed  (see  also  Part  IV.)  scarcely 
seems  to  warrant  the  idea  that  what  occurs  among  the  volcanic 
rocks  was  solely  derived  from  these  underlying  slates. 

Summary. 

1.  The  spotted  rock  hitherto  called  hornblende  slate,  and  well 
developed  in  the  tract  known  as  Skiddaw  Forest,  may  be  con- 
veniently termed  spotted  (or  andalusite)  schist  (the  indefinite 
Enotenschiefer  of  the  Germans). 

2.  There  is  a  complete  passage  in  the  field  from  unaltered  clay- 
slate,  through  chiastolite  slate  and  spotted  schist,  to  mica-schist. 

3.  The  junction  between  the  mica-schist  and  the  granite  is  well 
defined,  and  there  is  no  general  transition  from  mica-schist  into 
gneiss  (proper)  and  from  gneiss  into  granite. 

4.  Alteration  of  the  clay  slate  begins  by  the  formation  of  small 
spots,  which  become  developed  into  chiastolite  and  andalusite. 

5.  The  chiastolite  slate  passes  into  spotted  schist  by  the  great 
increase  of  the  small  oblong  or  rectangular  spots  arranged  along 
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planes  of  foliation ;  and  mica  appears,  often  in  considerable  quantity, 
probably  formed  from  some  of  the  andalnsite  or  rectangular  spots. 

6.  The  spotted  schist  passes  into  mica-schist,  consisting  of  quartz 
and  brown  and  white  mica,  but  frequently  retains,  to  the  last,  faint 
spots,  and  occasionally  chiastolite  crystals.  The  planes  of  foliation 
in  the  mica-schist  are  very  much  contorted  all  round  the  granite 
margin. 

7.  When  viewed  microscopically,  the  chiastolite  slate  is  found  to 
contain  in  many  parts  small  crystals,  besides  the  large  ones  of 
chiastolite,  and  the  spots,  which  last  are  often  plainly  seen  to  be 
but  undeveloped  chiastolite. 

8.  In  the  spotted  schist  the  chief  difference,  microscopically,  is 
the  increase  in  number  of  the  spots  and  of  the  minute  crystals  in 
the  base,  while  mica  begins  to  appear  pretty  plentifully  (taking 
the  place  of  some  of  the  andalnsite),  and  there  is  some  quartz. 

9.  Lastly,  in  the  mica-schist  the  andalusite  and  the  spots  give 
way  more  and  more  to  mica  and  quartz. 

10.  Chemically,  the  altered  rocks  differ  chiefly  from  the  granite 
in  containing  far  less  silica  and  muoh  more  alumina  and  ferrous 
oxide.  The  analyses  of  the  spotted  and  mica-schists  are  very 
nearly  identical ;  that  of  the  chiastolite  slate  shows  more  silica  and 
less  alumina,  but  is  in  other  respects  similar  to  the  analyses  of  the 
schists,  though  it  contains  more  carbon. 

11.  On  the  whole,  the  evidence  Beems  to  be  against  regarding 
the  granite,  now  exposed,  as  the  result  of  the  extreme  metamor- 
phism  of  the  Skiddaw  slates  immediately  around  it;  but  whether  it 
may  not  have  resulted  from  the  metamorphism  of  underlying  parts 
of  the  same  series  is  an  open  question.  The  great  contortion  of  the 
mica-schist  may  be  in  part  due  to  the,  at  any  rate  partially,  intru- 
sive character  of  the  granite. 

Appendix. 

The  following  papers  by  foreign  authors  have  been  written  on  rocks 
similar  to  those  just  described : — 

Naumahk,  "  Knotenschiefer,"  Erlauter.  s.  geogn.  Karte  v.  Sachsen,  1838,  No.  ii 

p.  264,  and  1845,  No.  ▼.  p.  50. 
KiRsrreif,  "  Knotenschiefer,   Journ.  f .  prakt  Chemie,  vol.  zxzi.  p.  108. 
Durochbr,  "Etudes  sur  le  mltamorphisme  des  roches,"  Bullet,  de  la  Soc  geoL 

de  France,  1846,  vol.  iii.  p.  546. 
Camus,  "  Thonschiefer-Metamorphoee  bei  Eichgrun,"  Leonh.  u.  Br.  Jahrb.  1856, 

p.  595. 
Mvllib.  "  Knotenschiefer,"  Berg-  u.  huttenm.  Zeitung,  1858,  p.  107. 
Jermeukft,  Prm.,  ".Ueber  russische  Andalusite,"  VerhdL  d.  k.  Ges.  fur  die  get 

Mineral    St.  Petersburg,  1864,  pp.  135-147.    Leonh.  Jahrb.  1866,  p.  721 
Kinngott,  Elemente  der  Petrograpbie  (1868),  p.  207. 
Fuchs,  "  Die  alten  Sediment-Formationen  und  lhre  Metamorphose  in  den  fran- 

zosischen  Pyrenaen,"  Leonh.  Jahrb.  1870,  p.  717. 

For  microscopic  descriptions  of  the  minerals  andalusite  and  chias- 
tolite, see  also : — 

Zirkel,  Mikroskopische  Beschaffenheit. 
Bose5BU8CR,  Mikroskopisohe  Physiographic. 


Digitized  by  VjOOQ IC 


ASSOCIATED  MBTAMOBPHIC  BOCKS  OF  THE  LAKE-DISTRICT.  V 

The  following  are  the  results  at  which  Prof.  Euchs  arrives  in  the 
memoir  quoted,  which  deals  with  a  set  of  rocks  apparently  very 
similar  to  those  around  Skiddaw  : — 

While  the  metamorphism  of  the  clay  slater  generally  increases  as 
the  granite  is  approached,  yet  do  alternations  occur  of  beds  in  all 
stages  of  metamorphism. 

The  metamorphism  begins  with  the  appearance  of  little  specks 
(concretionary),  which  pass  into  andalusite  and  chiastolite ;  and  the 
rest  of  the  rock-mass  passes  by  degrees  into  an  indistinct  mixture  of 
mica  and  quartz  with  some  felspar  (mica-schist  and  gneiss). 

The  andalusite  and  coDcretions  are  still  met  with  in  the  mica-schist 
and  gneiss,  but  are  at  last  changed  by  pseudomorphism  into  mica. 

The  cause  of  these  mineral  changes  is,  first  of  all,  molecular  arrange- 
ment ;  and  afterwards  an  interchange  of  chemical  constituents  comes 
in  to  help.  When  the  clay  slate  is  changed  into  mica-schist  and 
gneiss,  the  superfluous  alumina  goes  to  form  the  concretions  and  the 
andalusite.  The  alkaline  earths  and  iron  are  decreased  in  quantity, 
but  the  alkalies  and  silica  are  increased. 

There  is  a  perfect  petrographical  passage  in  many  places  from  the 
gneiss  into  the  granite.  The  organic  matter  of  the  clay  slate  gradu- 
ally disappears  during  the  process  of  metamorphism ;  but  traces  of  it 
can  be  found  in  all  stages  of  the  alteration  and  even  in  the  granite 
itself. 

The  elaborate  memoir  by  Durocher  upon  metamorphism,  quoted 
above,  tends  as  follows : — 

For  the  idea  of  semifusion  he  substitutes  that  of  a  flow  of  secular 
heat  emanating  from  below  and  from  centres  of  plutonic  action  which 
perhaps  did  not  even  attain  to  dull  red  heat.  Two  kinds  of  meta- 
morphism are  distinguished — that  resulting  from  a  movement  of  the 
particles  composing  stratified  beds,  and  that  produced  by  the  intro- 
duction of  a  foreign  body  playing  the  part  of  a  cement  and  penetrating 
to  the  interior  of  the  rocks,  as  carbon  does  to  iron.  Generally  the 
igneous  rocks  develop  in  the  adjacent  beds  just  those  minerals  of 
which  they  are  themselves  composed. 

Carius  describes  the  metamorphism  of  clay  slate  around  granite 
masses,  near  Eichgriin.  At  a  certain  distance  from  the  granite  the 
rock  is  full  of  small  concretions  (spotted  schist),  and  becomes  more 
and  more  micaceous  the  nearer  the  granitic  mass  is  approached.  He 
gives  the  following  analyses  of  six  specimens  of  these  rocks : — 

1.  2.  3.  4.  6.  6. 

Silica    59-385  60-028  60605  63174  60O05  61-387 

Alumina 22-069  19113  24-055  19288  24104  20*803 

Iron  oxide    6816  7373  5^87  4-935  6436  6606 

Manganic oxide  0*273  0-141  0280  0-537  0137  0-246 

Lime    0-236  1165  0-412  0388  0-173  0-903 

Magnesia     3*608  2186  1781  1-599  1-872  2105 

Soda     2-109  3198  0-776  1-829  2087  3262 

Potaah     3-849  3785  3648  4193  2797  2-966 

Water  3471  3-993  3305  3962  2-752  1476 

101-816    J00-982    100-349      99905    100363      99754 
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Of  these  analyses,  Xo.  1  is  of  unmetamorphoeed  slate,  Nob.  2-5 
contain  the  small  concretions  and  mica,  gradually  increasing  in  the 
number  and  size  of  its  flakes,  and  No.  6  shows  the  composition  of 
CornubumiU,  an  extremely  hard  and  crystalline  metamorphic  rock. 
The  author  observes  that  these  analyses  prove  the  metamorphismnot 
to  consist  in  an  increase  or  loss  of  chemical  elements,  but  rather  in  a 
chemical  or  mechanical  change  among  those  previously  existing  in  the 
rock,  and  regards  the  cause  of  this  change,  whether  the  direct  action 
of  the  granite  or  watery  influence  alone,  as  still  an  open  question. 

Kenngott  alludes  to  Knotenschiefer,  in  his  'Elements  of  Petrography,' 
as  a  rock  of  an  uncertain  character  to  which  various  names  have  been 
given,  such  as  Fleck-,  Frucht-,  or  Garbenschiefer,  according  to  the 
appearance  of  the  small  spots,  and  which  should  be  definitely  named 
when  recognized  minerals  such  as  chiastolite  &c  are  present. 

The  metamorphosed  Skiddaw  slates  have  been  thus  described  by 
various  observers : — 

In  1820  Jonathan  Otley,  whose  name  will  always  be  held  in  re- 
verence in  the  Lake-district,  first  separated  the  Skiddaw  slates  as  a 
group  from  the  other  neighbouring  formations*,  and  noticed  the 
"  mica  slate,"  the  "  whintin  r  (= spotted  schist),  and  the  "  chiastolite 
slate  "  developed  around  the  granite.  (See  Otley's *  Guide  to  the 
Lakes.9) 

In  1824  and  following  years  Fro£  Sedgwick  carried  on  his  un- 
tiring and  thorough  investigation  of  the  district.  In  1832  he  thus 
writes  of  the  Skiddaw  group  where  metamorphosed  f : — "  (1)  Skiddaw 
slate  with  interspersed  crystals  of  chiastolite,  alternating  with  and 
passing  into  the  preceding  group  (unaltered  Skiddaw  slates).  (2)  A 
similar  slate  with  numerous  crystals  of  chiastolite,  passing  in  the 
descending  order  into  a  crystalline  slate  sometimes  almost  composed 
of  matted  crystals  of  chiastolite.  (3)  Mica-slate  spotted  with  chias- 
tolite. (4)  Quartzose  and  micaceous  slates  sometimes  passing  into 
the  character  of  gneiss." 

The  same  author,  in  his  '  Letters,'  dated  1842,  says  "  I  believe 
that  this  beautiful  mineral  group  is  nothing  more  than  the  Skiddaw 
slate  altered  and  mineralized  by  the  long-continued  action  of  subter- 
ranean heat  The  granite,  though  a  fused  rock,  may  not  have  pro- 
duced the  whole  of  this  change  ;  but  it  is  at  least  an  indication  of  the 
kind  of  power  by  which  the  "  metamorphic  structure  was  brought 
about." 

Otley,  in  the  article  already  quoted,  first  drew  attention  to  the 
distinction  between  cleavage  and  stratification  in  connexion  with 
these  rocks ;  and  Sedgwick,  in  1835,  gave  a  definition  of  cleavage. 

Prof.  Harkness,  in  1858,  alludes  thus  to  the  rocks  in  question : — 
"  This  Skiddaw  slate  (on  the  north  side  of  the  granite),  as  it  approx- 
imates the  granite  of  Skiddaw  Forest,  passes  into  chiastolite  slate, 
chiastolite  rock,  and  a  pseudo-gneiss.    On  the  south  side  of  the  gra- 

*  "Remarks  on  the  Succession  of  Bocks  in  the  District  of  the  Lakes,"  Phil. 
Mag.Yol.  Wi.  p.  257  (from  the  Lonsdale  Magazine,  toI.  i.  p.  433). 

t  "  On  the  Geological  Relations  of  the  Stratified  and  Unst  ratified  groups  of 
rocks  composing  the  Cumbrian  Mountains/'  Proc  Geol.  Soc.  toI.  i.  p.  399. 
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nite  the  same  phenomena  occur ;  but  on  this  side  hornblende  rock  and 
actinolite  rock  also  appear." 

In  1858  Mr.  J.  G.  Marshall*  stated  his  conviction,  as  mentioned 
in  Appendix  to  Part  II.,  that  all  the  Lake-district  granites  were 
"truly  metamorphic  rocks,"  the  clay-slate  and  green-slate  series 
having  "been  generally  subjected  to  the  metamorphic  action  of  heat, 
pressure,  and  moisture." 

Prof.  Harkness  again  writes  on  the  Skiddaw-slate  series  in  1863  f ; 
and  Prof.  Phillips,  in  his  article  on  the  geology  of  the  district  for 
Black's  Guide,  first  published  in  1846  and  revised  in  1865,  speaks  of 
the  gneiss  and  mica-schist  surrounding  the  granite,  and  adds : — 
"  Above  them  appears  a  thick  series  of  dark  slaty  rocks,  very  regu- 
larly laminated  and  full  of  black  spots  of  hornblende.  This  rock  is 
locally  called  '  whintin,'  and  by  geologists  has  been  named  '  horn- 
blende slate' " 

The  "  hornblende  rock  "  and  "  hornblende  slate  "  thus  alluded  to 
by  Professors  Harkness  and  Phillips  are  what,  for  reasons  given  in  the 
preceding  pages,  I  have  called  spotted  schist  (German  Knotenschiefer). 

Pro£  Nicholson  also  mentions  "  chiastolite  rock  "  resting  "  upon 
hornblendic  gneiss  and,  in  some  cases,  mica-schist  "J. 

EXPLANATION  OF  PLATE  L 

Fig.  1.  Chiastolite  slate,  How  Gill,  Skiddaw.     x  6. 

2.  Spotted  schist  (Knotenschiefer),  8kiddaw  Forest     X  6. 

3.  *A*  same  as  fig.  2,  viewed  with  polarized  light     X  20. 

4.  The  same  as  fig.  2,  viewed  with  polarized  light;  a  portion  of  the  base 
between  the  rectangular  spots.     X  50. 

5.  Junction  of  Skiddaw  granite  and  spotted  mica-schist    The  granite  is  on 
the  left,  and  the  schist  on  the  right     X 10,  polarized  light. 

These  figures  have  been  copied  from  drawings  in  water-colour  made  by  the 
author  direct  from  the  microscope. 


Pajct  IV. — On  the  Quartz-Felsite,  Syenite,  and  associated  Meta- 
morphic Bodes  of  the  Lake-district. 

[Plate  EL] 

OOKTBHTS. 

Introduction. 

I.  Examination  in  the  Field. 

1.  St-John's  Quartz  Felsite  and  surrounding  rocks. 

2.  Crag-Bridge  Quartz  Felsite. 

3.  Buttermere  and  Ennerdale  Syenitic  Granite,  and  surrounding  rocks. 

4.  Carrock-Fell  Bocks. 

a.  Spherulitic  Felsite  of  Carrock  Fell  and  Great  Lingy  Hill. 

b.  Rorite  (?)  of  Miton  Hill  and  Bound  Knott 

c.  Hypersthenite  of  Mosedale  Crags  and  Long  Dale. 

*  "  On  the  Geology  of  the  Lake-district,  in  reference  especially  to  the  Meta- 
morphic and  Igneous  Bocks,"  Brit.  Assoc.  Bep.  for  1858,  Trans.  Sect.  p.  84. 
t  Quart  Journ.  GeoL  Soc  vol.  xix.  p.  113. 
{  '  Essay  on  the  Geology  of  Cumberland  and  Westmoreland/  1868. 
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II.  Microeoopioal  Examination. 

1.  SL-Jobn's  Quart*  Felsite  and  altered  Skiddaw  Slate. 

2.  Crag-Bridge  Quartz  Felsite. 

3.  Buttermere  and  Ennerdale  Sjenitio  Granite,  and  altered  Skiddaw 
Slate. 

4.  Carrock-Fell  Bocks, 
a.  Spherulitic  Felsite. 

6.  Diorite  ?  (altered  dolerite). 

c.  Hypersthenite  (altered  dolerite?). 

III.  Chemical  Examination. 

1.  Bocks  of  St  John's  Yale  and  of  Buttermere. 

2.  Bocks  of  Carrock  Fell. 

Summary. 

Appendix :  Notices  of  papers  on  these  rocks  by  other  authors. 

Introduction. 

I  now  propose  to  describe  the  mode  of  occurrence  of  several  masses 
of  quartz  felsite,  syenitic  granite,  and  other  rocks,  together  with 
their  metamorphic  associates.  Following  the  plan  adopted  in  the 
two  previous  Parts,  the  appearance  of  these  rocks  in  the  open  country 
will  first  be  noticed,  and  be  followed  by  the  microscopical  and 
chemical  examinations.  Although  the  several  masses  are  detached 
from  one  another,  it  will,  I  think,  he  better  to  describe  the  rocks 
together,  in  each  section,  as  noted  above,  rather  than  to  treat  of  each 
mass  separately  in  all  its  bearings.  The  same  order  of  description 
being  preserved,  however,  in  each  section,  it  will  be  possible,  when 
desired,  to  take  each  rock  separately  under  the  various  heads  of 
examination,  and  read  all  that  relates  to  it  independently  of  the 
others. 

I.  Examination  in  the  Field. 

1,  St.-John's  Quartz  Felsite  and  surrounding  rocks. — This  rock 
occurs  on  either  side  of  the  lower  end  of  the  Yale  of  St.  John, 
forming  two  masses,  each  about  one  mile  long  from  north  to 
south  and  a  half  to  three  quarters  of  a  mile  broad  (Q.F.  fig.  1). 
It  is  usually  of  a  pale  colour,  though  sometimes  assuming  a  red  tint, 
and  consists  mainly  of  quartz  and  felspar  in  a  felsitic  base.  The 
quartz  is  crystallized.  The  felspar  is  orthoclase  and  oligoclase,  the 
latter  being  much  altered  into  a  yellowish-green  steatitic  mineral 
Mica  is  sparingly  developed;  and  a  small  quantity  of  hornblende 
may  perhaps  occasionally  be  present.  The  rock  not  unfrequently 
contains  large  fragments,  much  altered ;  it  is  generally  well  jointed, 
as  at  Skundraw,  and  in  some  places  shows  lines  of  what  appear  to 
he  former  bedding. 

Its  distribution  and  appearance  in  the  mass  is  very  striking,  ex- 
cept on  the  south.  Each  tract  appears  to  he  surrounded  by  Skiddaw 
Slate,  although,  the  ground  being  much  drift-covered,  the  slate  is 
only  seen  at  a  few  points,  and  at  some  of  these  shows  little  sign 
of  alteration.  The  western  tract  is,  I  believe,  faulted  on  the 
south  against  the  volcauic  rocks  of  High  Itigg ;  and  when  looked  at 


Digitized  by  VjOOQ IC 


ASSOCIATED  MSTAMORPHIC  ROCKS  OP  THB  LAKB-DI8TRICT.  13 

from  Wanthwaite  Bank  (a  part  of  the  eastern  quartz-felsite  tract) 
there  may  be  noticed  several  well-marked  features,  apparently  es- 
carpments and  dip-slopes,  quite  similar  in  strike  and  angle  of  dip  to 
the  well-scarped  beds  of  High  Rigg.  When  the  ground  is  closely 
examined,  Skiddaw  Slate  is  found  to  run  in  among  the  quartz  felsite 
in  two  places.  One  of  these,  just  west  of  Bridge  House,  though  only 
a  short  inlet  (a,  fig.  1),  is  quite  in  the  line  of  the  most  marked 

ttg- 1. — Sketch  Map  showing  the  Distribution  of  the  Quartz  Felsite  of 
St.  John's  Vale  ami  its  Position  with  regard  to  the  surrounding 
Hocks.     (Scale  1  inch  to  a  mile.) 


Allurium.     Q.F.  Quarta-felsite.     TTTTTTT  Skiddaw  Slate. 
Beds  in  volcanic  eeries.    — Faults  and  Teim. 


transverse  depression  as  seen  from  the  other  side  of  the  valley.  The 
other  ia  a  band  of  elate  (h)  which,  in  a  much  altered  condition,  may 
be  traced  from  the  fault  near  St.  John's  church,  through  and  across 
the  south-western  corner  of  the  felsite  to  Sikes,  where  both  are 
hidden  under  alluvium.  The  appearance  in  this  case  is  quite  that 
of  a  bed  conformable  to  the  felsite  above  and  below.  Along  the 
western  side  of  this  felsite  tract  there  is  a  change  in  what  appears 
like  bedding-dip,  to  the  N.N.E. 

Again,  when  the  eastern  mass  is  looked  at  from  the  opposite  or 
western  side,  indications  of  bedding-planes  are  also  seen  ;  and  on  the 
slope  above  Wanthwaite  farm  a  bed  of  ash  (c)  appears  with  felsite 
above  and  below  and  apparently  striking  northwards,  generally  par- 
allel to  the  margin  of  the  felsitic  mass.  The  southern  margin  of 
this  eastern  tract  is  also  partly  bounded  by  vein- faults ;  but  between 
it  and  the  crags  of  Wanthwaite  and  Clough  Head,  formed  of  vol- 
canic rocks,  occurs  a  small  tract  of,  for  the  most  part,  highly  altered 
slate,  containing  two  or  three  bands  of  ash,  bounded  on  the  east  by 
a  probable  north-and-south  fault.      It  is  very  hard  to  distinguish 
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between  some  of  the  altered  slate  and  some  of  these  ash-intercala- 
tions, or  between  these  and  the  partially  developed  felsite;  some 
bands  of  black  shaly  slate,  however,  seem  to  have  undergone  bat  little 
alteration.  Between  Clongh  Head  and  White  Pike,  and  forming  the 
latter,  are  several  small  masses  of  partially  developed  quartz  felsite 
(d,  e,  f,  g),  the  slate  generally  passing  into  them  all  round ;  and 
much  of  the  black  slate  is  here  converted  into  a  very  hard  and  flinty 
rock  of  the  nature  of  hornstone. 

Altogether  the  disposition  and  relation  of  these  quartz-feMte 
masses,  especially  to  the  neighbouring  volcanic  rocks,  rather  suggest 
that  they  occupy  the  place  of  basement  beds  of  that  series,  such  beds 
probably  presenting  alternations  of  Skiddaw  Slate  with  volcanic 
deposits.  It  will  be  seen  in  the  sequel  how  far  such  a  surmise, 
derived  from  field-evidence,  is  supported  by  the  results  of  microscopic 
and  chemical  research. 

A  third  small  area  of  quartz  felsite  is  exposed  beneath  the  vol- 
canic rocks  of  Wan thwaite  Crags ;  and  its  upper  boundary  conforms 
so  precisely  to  the  strike  of  the  overlying  strata  as  to  suggest  that 
it  also  represents  the  lower  part  of  the  series  altered  in  situ,  the 
character  of  the  beds  above  resembling  those  generally  occurring 
near  the  base. 

2.  Crag-Bridge  Quartz  Felsite. — A  similar  quartz  felsite,  though 
occupying  a  much  smaller  tract  than  those  of  the  Yale  of  St.  John, 
occurs  at  Crag  Bridge,  Bosgill,  near  Shap;  and  here  again  the 
Skiddaw  Slate  is  much  altered  immediately  around  the  junction,  and 
in  some  places  may  be  seen  to  dovetail  into  the  felsite  in  the  most 
decided  manner. 

3.  Buttermere  and  Ennerdale  Syenitic  Granite,  and  surrounding 
rocks. — This  large  mass  of  syenite  and  syenitic  granite  extends 
almost  uninterruptedly  for  a  distance  of  nine  miles,  from  Buttermere 
on  the  north,  to  Wastwater  on  the  south,  forming  for  more  than  half 
the  distance  the  boundary  between  the  volcanic  series  on  the  south- 
east, and  the  Skiddaw  Slate  on  the  north-west  It  is  generally  of 
a  reddish  tinge ;  and  the  hornblende  and  mica  are  often  sparingly  dis- 
tributed, though  occasionally  one  or  the  other  is  found  in  greater 
quantity.  In  the  south,  where  detached  masses  occur  surrounded 
by  the  volcanic  series,  and  in  some  other  parts,  the  rock  should 
rather  be  called  a  felstone  or  sometimes  a  granulite,  as,  for  example, 
along  the  northern  shores  of  the  western  half  of  Wastwater. 

The  eastern  boundary,  from  Bed  Pike,  Buttermere,  across  the 
Ennerdale  valley,  to  below  Haycock,  runs  remarkably  parallel  with 
the  outcrop  of  the  various  beds  of  the  volcanic  series,  and  appears 
in  places  to  be  faulted  with  them ;  this  will  be  seen  by  a  reference 
to  the  accompanying  figure  (fig.  2).  In  addition  to  this  it  should  be 
noted  that  in  several  spots  beneath  Bed  Pike  the  syenite  contains 
bands  showing  distinct  lines  of  bedding,  or,  in  one  case,  a  markedly 
breociated  structure  very  like  some  of  the  beds  of  volcanic  ash. 

The  Skiddaw  Slate  has  experienced  the  same  kind  of  alteration 
in  this  case  as  around  the  St.-John's  quartz  felsite,  only  that  it 
frequently  extends  for  much  greater  distances ;  but  in  a  few  cases, 
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Fig.  2. — Sketch  Map  showing  a  part  of  the  Boundary  of  the  Butter- 
mere  and  Ennerdale  Syenitic  Granite,  and  its  Relation  to  the 
neighbouring  Rocks.     (Scale  1  inch  to  a  mile.) 


Pill  at* 


8.  Syenitic  granite.    The  rest  as  in  fig.  1. 

even  here,  unaltered  black  slate  occurs  close  to  the  junction.  Near 
Scale  Force  the  altered  slate  has  quite  a  streaky  appearance  outside ; 
and  on  the  summit  of  Bed  Pike,  where  only  a  small  exposure  occurs, 
it  is  very  hard  and  massive,  approximating  to  the  syenitic  rock.  On 
either  side  of  Ennerdale  the  slate  is  equally  hard  and  flint-like  along 
the  junction  and  for  some  distance  from  it. 

The  volcanic  rocks  in  its  neighbourhood  are  generally  much 
altered,  being  rendered  very  compact  and  flint-like ;  but  it  is  often 
difficult,  among  these  rocks  in  connexion  with  the  syenite,  to  sepa- 
rate metamorphic  phases  from  those  which  are  probably  not  strictly 
dependent  upon  it ;  but  in  no  case  have  I  seen  any  thing  like  the  series 
of  changes  described  in  Part  II.  as  occurring  around  the  granites  of 
Eskdale  and  Shap ;  there  are  none  of  the  purplish  porphyritic  rocks 
so  generally  found  around  these  granites. 
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4.   Carrock-FeU  Rocks. — It  will  be  seen  by   the  accompanying 
figure  (fig.  3)  that  the  various  igneous  masses  of  Carrock  Fell  and  its 

Fig.  3. — Sketch  Map  showing  the  Distribution  of  the  Carrock  Bocks. 
(Scale  1  inch  to  a  mile.) 


v-  Alluvium.     F.  Spheruiitic  felmte.      Gn.  Diorite. 
G.  Granite.    bG.  Bastard  granite,    m.  Mica-Bcbiat. 


Hy.  Hyperathenite. 
SI.  Skiddaw  Slate. 


neighbourhood  dovetail  more  or  less  into  each  other  along  an  east- 
and-west  strike. 

4  a.  Spheruiitic  Fehite  of  Carroelc  Fell  and  Great  Lingy  HiU. — 
The  colour  of  this  rock  varies  from  a  pale  reddish  tint  to  a  brownish- 
grey  and  grey,  its  colour  generally  serving  to  distinguish  it  from 
the  other  rocks  having  the  same  general  range.  There  is  nothing, 
Uthologieatty,  to  indicate  the  spheruiitic  nature  of  much  of  this 
rock ;  but  this  character,  as  hereafter  shown,  is  clearly  revealed  by 
microscopic  examination.  Its  appearance  is  that  of  a  rather  coarse- 
grained felsite,  with  scattered  greenish  spots,  and  minute,  porphy- 
ritically  imbedded  felspar  crystals. 

The  best  exposure  of  this  rock  is  on  the  summit  of  Carrock  Fell 
and  in  the  crags  just  east  of  the  summit.  In  some  parts  it  has 
quite  the  appearance  of  passing  into  a  trap  of  much  the  same  nature 
as  many  of  the  contemporaneous  beds  of  the  district.  A  good 
example  of  this  occurs  on  the  Pike,  just  east  of  the  Stone  Circle. 

The  felsite  graduates  on  the  west  and  south  of  Carrock-FeU 
summit  into  diorite  (?)  on  the  one  hand  and  hypersthenite  on  the 
other. 

46.  Diorite  (?)  of  Miton  Hill  and  Bound  Knott. — This  rock  has  a 
somewhat  limited  extension,  though  both  felsite  and  hypersthenite 
seem  to  pass  over  into  it,  occasionally,  in  other  parts  than  the  area 
given  as  its  particular  range. 

Iithologically  it  is  a  dark  green,  highly  crystalline  compound  of 
felspar  and  hornblende  (?),  becoming  coarse-grained  in  the  south, 
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and  passing  into  hypersthenic — and  more  compact  and  reddish  in 
the  north,  passing  into  the  felsite  of  Eae  Crags  and  Carrock  Eel!. 

At  Bound  Knott  this  rock  contains  most  distinct  lines  of  bedding, 
so  that  several  dips  could  be  taken,  the  general  inclination  corre- 
sponding to  that  prevailing  among  alternations  of  volcanic  rocks  and 
Skiddaw  Slate  in  Dry  Gill  to  the  north-west. 

4  c.  Hypersthenite  of  MosedaU  Crags  and  Lanj  Dale, — Lithologi- 
cally,  this  rock  varies  a  good  deal  in  character.  When  most  fully 
developed  it  is  a  very  coarsely  crystalline  mixture  of  hypersthene 
and  darkish  felspar,  the  hypersthene  crystals  being  sometimes  an 
inch  or  more  in  length.  The  felspar,  in  such  a  case,  weathers  most 
easily,  and  the  hypersthene  stands  out  prominently,  producing  a 
very  rough-looking  exterior.  Occasionally,  as  at  White  Crags,  the 
felspar  is  of  a  pale  or  white  colour,  and  the  hypersthene  occurs  gene- 
rally in  smaller  crystals  than  in  the  rock  just  described ;  so  that  the 
aspect  varies  from  a  white  or  grey  coarse-grained  crystalline  rock  to 
a  dark  and  more  finely  grained  one. 

At  several  parts  along  the  strike  of  this  rock,  and  especially  a 
little  south  of  Carrock-Eell  summit,  the  coarsely  crystalline  hyper- 
sthenite presents  a  most  marked  appearance  of  bedding.  Alternating 
with  very  coarsely  crystalline  layers  are  others  of  very  fine  grain, 
the  aspect  of  the  rock  from  a  little  distance  quite  resembling  the 
bedding  among  the  volcanic  series.  Moreover  the  dip  of  this  bed- 
ding is  tolerably  constant  along  a  line  of  strike  answering  to  the 
strike  of  the  volcanic  beds  on  the  north,  the  dip  being  in  this  case 
northwards  at  angles  of  from  50°  to  70°.  Again,  at  the  crags  just 
north  of  Mosedale,  there  are  most  undoubted  cases  of  beds  of  con- 
temporaneous trap  alternating  for  short  distances  with  hypersthe- 
nite and  passing  into  it  along  the  east-and-west  line  of  strike. 

It  is  somewhat  doubtful  whether  or  not  the  southern  boundary 
of  this  rock  with  the  Skiddaw  Slate  is  a  natural  or  a  faulted  one ; 
most  probably  it  is  a  faulted  boundary,  being  very  straight,  for  the 
most  part  very  definite,  and  corresponding  with  a  probable  fault 
further  to  the  east,  on  the  other  side  of  the  valley.  The  slate, 
however,  is  much  altered  along  the  line  of  junction. 

All  three  of  these  rocks  become  somewhat  changed  in  character 
on  approaching  Brandy  Gill,  in  and  parallel  with  which  there  run 
several  strong  mineral  veins.  At  the  head  of  the  Gill  is  a  small 
area  of  bastard  or  half-developed  granite.  Below  this  it  would 
seem  that  the  dioritic  and  hypersthenic  bands  approach  or  cross  the 
Gill,  becoming  at  the  same  time  markedly  micaceous.  At  the  foot 
of  the  Gill  is  mica-schist  (altered  Skiddaw  Slate)  bordering  a  very 
quartzo-micaceous  granite. 

II.  Microscopical  Examination. 

The  microscopic  structure  of  the  Sfc.-John's  quartz  felsitc  and  of 
the  Ennerdale  syenitic  granite  has  been  figured  in  the  Survey 
Memoir  on  the  Keswick  district,  pi.  i.  figs.  5  &  6.  In  the  Plate 
accompanying  the  present  paper  I  have  given  their  structure  as 

Q.J.G.8.  No.  125.  c 
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more  highly  magnified,  in  order  that  comparisons  may  be  made  with 
that  of  the  altered  slate  in  their  neighbourhood. 

1.  St.- John's  Quartz  Felsite  and  altered  Skiddaw  Slate. — In  my 
Memoir  on  the  Keswick  district  I  have  described  the  microscopic 
structure  of  the  various  stages  of  altered  slate  around  the  quartz 
felsite,  but  no  figures  are  given.  The  chief  characteristics  are  the 
following : — 

Specimens  of  very  decided  slate,  but  with  evident  signs  of  altera- 
tion, show  the  following  structure  under  a  high  power : — an  irre- 
gular and  patchy  network  of  a  yellowish-green  mineral,  sometimes 
crystallized  in  fan-shaped  masses,  faintly  dichroic  and  more  or  less 
fibrous  in  appearance ;  mingled  with  this  apparently  chloritic  or 
semi-micaceous  mineral  are  an  infinite  number  of  minute  quartz 
grains,  while  dark  particles  both  of  magnetite  and  carbonaceous 
matter  are  diffused  throughout. 

In  the  next  stage  of  alteration,  represented  in  fig.  1,  PI.  II.,  the 
base  has  a  structure  which  is  between  granular  and  felsitic,  though 
more  closely  allied  to  the  latter.  In  this  base  are  many  crystalline 
grains  of  quartz,  much  larger  than  any  occurring  in  the  previous 
stage ;  and  imperfectly  formed  felspar  crystals  are  here  and  there 
apparent.  The  yellowish-green  mineral  frequently  occurs  in  larger 
portions,  and  puts  on  in  many  cases  more  the  appearance  of  mica 
than  in  the  last  example.  The  quartz  contains  exceedingly  minute 
liquid-cavities,  occasional  grains  of  magnetite,  and  small  portions  of 
the  greenish  mineral. 

Lastly,  the  rock  assumes  its  fully  crystalline  structure  (fig.  2) : 
the  felsitic  base  contains  numerous  crystals  of  felspar,  while  those 
of  quartz  are  developed  in  greater  abundance  and  are  generally  of 
larger  size  than  in  the  previous  stage,  the  liquid-cavities  being  also 
larger.    Mica  is  distinctly  apparent,  generally  of  a  greenish  colour. 

2.  Crag-Bridge  Quartz  Fekite.— In  the  specimens  examined  the 
base  of  this  rock  appears  somewhat  intermediate  between  that  of 
altered  Skiddaw  Slate  and  one  truly  felsitic,  being  composed  largely 
of  quartz  in  small  grains,  and  a  great  quantity  of  the  yellowish- 
green  chloritic  mineral  frequently  crystallized  in  radiate  and  fan- 
shaped  groups.  Crystallized  felspar  seems  rare,  while  mica  is 
present  in  long  greenish  flakes,  and  crystals  of  quartz  are  here  and 
there  porphyritically  imbedded.  Besides  these  minerals  a  little 
hornblende  may  also  be  present.  This  microscopic  character  of  the 
rock  agrees  with  what  might  be  inferred  from  its  lithological  appear- 
ance, being  a  less  decided  quartz  felsite  than  that  of  St  John's  Yalo, 
and  more  resembling  some  of  the  minor  patches. 

3.  Buttermere  and  Ennerdale  Syenitic  Granite^  and  altered  Shid- 
daw  Slate. — Figs.  3  and  4  (PL  II.)  represent  the  highly  magnified 
microscopic  structure  of  specimens  of  altered  Skiddaw  Slate  from  Red 
Pike  and  from  near  Scale  Force,  respectively.  As  before,  we  have 
the  yellowish-green  mineral  in  profusion,  grains  of  quartz,  some- 
times assuming  a  more  or  less  crystalline  form,  and  particles  of 
magnetite,  together,  probably,  with  some  carbonaceous  matter.  In 
the  example  from  near  Scale  Force  the  green  mineral  is  frequently 
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arranged  along  bands,  and  the  quartz  grains  are  of  various  degrees 
of  fineness  between  them.  The  quartz  contains  great  numbers  of 
liquid-cavities ;  one  of  them  in  fig.  4  is  enlarged  three  times  the 
rest  of  the  figure ;  and  the  small  contained  vacuity  in  this,  as  in 
many  other  cases,  keeps  up  a  continual  active  movement  to  all  parts 
of  the  cavity,  never  going  out  of  focus  in  any  position. 

Fig.  5.  represents  the  structure  of  the  syenitic  granite  near  its 
border,  at  Scale  Force.  The  quartz  is  generally  not  crystallized, 
bat  interstitial  and  fall  of  minute  liquid-cavities ;  the  base  consists 
almost  wholly  of  felspar  crystals,  both  plagioclase  and  orthoclase, 
having  a  finely  dotted  appearance  caused  by  innumerable  very 
minute  cavities.  Mica  and  a  chloritic  mineral  occur,  the  former 
scantily ;  the  latter,  though  very  soft,  is  frequently  taken  for  horn- 
blende. Indeed,  although  hornblende  does  occur  in  some  parts  of 
this  rock,  its  presence  generally  is  more  than  doubtful,  especially  in 
an  unaltered  form  * ;  and  therefore  the  term  syenite,  usually  applied 
to  this  mass,  or  even  that  of  syenitic  granite,  is  scarcely  an  exact 
one.  Although  varying  much  in  its  character,  yet,  as  it  is  distinct 
from  true  granite  on  the  one  hand  and  from  true  quartz  felsite  on 
the  other,  some  distinctive  name  is  needed. 

The  somewhat  doubtful  green  mineral  is  frequently  accompanied 
by  patches  of  a  black  substance  or  iron-staining ;  and  it  seems  pro- 
bable that  this  is  in  most  cases  due  to  a  decomposition  of  the 
mineral  and  peroxidation  of  the  contained  iron,  the  mineral  thus 
resembling  chlorophaeite.  At  any  rate  it  seems  certain  that  the 
green  mineral  occurring  so  abundantly  in  the  altered  slate  and 
almost  universally  in  the  syenitic  granite,  is  one  and  the  same,  or 
different  phases  of  development  of  the  same  group,  that  of  the 
chlorites  or  hydrous  micas.  Generally  speaking,  in  the  crystalline 
rock,  this  greenish  mineral  occurs  in  larger  flakes  than  in  the 
altered  rocks.  Thus,  in  the  latter  we  have  quartz  and  a  hydrous 
mica  in  some  form,  and  in  the  former,  quartz,  both  hydrous  and 
anhydrous  mica  t,  and  felspar.  The  bearing  of  this  will  be  consi- 
dered hereafter. 

The  microscopic  structure  of  the  Buttermere  and  Ennerdale  rock 
necessarily  varies  somewhat  over  so  wide  a  spread,  though  the 
characters  given  above  and  the  figure  (fig.  5,  PL  II.)  contained  in  this 
paper  and  that  in  the  Survey  Memoir  (pi.  i.  fig.  6)  represent  the 
prevailing  structure.  Sometimes,  where  the  syenitic  granite  adjoins 
the  beds  of  the  volcanic  series,  the  transition  rock  is  a  hornblendic 
felsite,  collections  of  small  hornblende  crystals  occurring  in  a  fel- 
ritdc  base. 

In  some  parts  the  quartz  is  much  diminished  in  quantity,  and  the 
soft  green  mineral  is  very  abundant ;  this  gives  the  rock  a  dark  tinge. 

4.  Carrock-Fell  Bocks. — We  have  already  seen  that  the  field- 
examination  led  to  the  division  of  the  Carrock-Fell  rocks  into  three 

*  Prof.  Phillips  remarks  of  this  rock,  "  Barely  distinct  hornblende  is  obser- 
Tabie  "  (Black's  '  Guide  to  the  Lakes  ')• 

t  The  ordinary  micas,  it  will  be  remembered,  contain  small  quantities  of 
water,  but  far  less  than  the  chlorite  group. 
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groups,  separated  from  one  another  by  uncertain  lines.  We  shall 
now  see  that  the  microscopic  examination,  made  after  the  field- 
work  was  completed,  fully  confirms  this. 

4  a.  Sphervlitic  FeUite  (Carrock  Fell,  Rae  Crags,  Great  Lingy 
Hill). — Specimens  taken  from  various  parts,  along  the  line  of  strike 
of  this  rock,  all  show  the  same  general  microscopic  structure,  which 
is  as  follows  ♦. 

In  plain  light  the  base  has  a  felsitic  appearance  but  with  indica- 
tions of  a  radiate  structure  from  numerous  points,  while  scattered 
abundantly  over  this  generally  pale  and  hazy  base  are  long  greenish 
and  dichroic  fibres,  and  irregular  patches  and  streaks  of  a  green  and 
greenish-brown  mineral,  which  is  apparently  converted  in  many 
parts  into  a  dark  brown  or  black  product.  Occasionally  a  few 
small  grains  of  quartz  may  be  distinguished  apart  from  the  felsitic 
base,  and  crystals  of  felspar  occur  porphyritically  imbedded. 

In  polarized  light,  between  crossed  Nicols,  the  radiate  spherulitic 
structure  of  the  base  comes  out  admirably,  a  dark  cross  rotating 
with  the  turning  of  either  prism.  The  spherulites  have  invariably 
a  radiated  and  no  concentric  structure ;  and  their  margins  are  very 
seldom  definite,  but  interfere  with  each  other  or  become  blended 
with  the  general  felsitic  base  (fig.  6,  PI.  II.).  Their  average  size  is 
about  ^  of  an  inch  in  diameter.  Under  crossed  Nicols  a  good 
many  particles  of  free  quartz  may  be  detected  in  the  base,  which 
exhibits  the  usual  felsitic  reaction  on  rotating  either  prism.  The 
felspar  crystals  seem  to  be  mostly  orthoclase  in  some  specimens, 
while  plagioclase  abounds  in  others.  The  green  fibres  appear 
to  be  hornblende ;  but  very  little  of  the  greenish  mineral  seems  to  be 
in  an  unaltered  state. 

The  rock,  or  parts  of  the  rock,  on  Great  Lingy  Hill,  are  less 
spherulitic  and  more  crystalline  than  that  of  Carrock  summit ;  pla- 
gioclase crystals  are  numerous,  and  free  quartz  abounds,  while  a 
highly  reticulated  felsitic  structure  appears  between  the  crystalline 
portions,  apparently  the  remains  of  the  spherulites. 

A  specimen  from  Rae  Crags  is  intermediate  between  this  last  and 
{he  Carrock-summit  rock.  It  is  more  crystalline  than  the  latter, 
and  more  distinctly  spherulitic  than  the  former. 

The  example  of  contemporaneous  trap-like  rock  mentioned  as 
occurring  on  Pike,  Carrock  Fell,  has  the  following  microscopic 
structure.  In  ordinary  light,  numerous  green  dichroic  fibres  and 
particles  appear  scattered  on  a  hazy  felsitic  ground ;  but  with  a  high 
power  (|  inch)  some  ghosts  of  small  crystalline  needles  appear. 
Between  crossed  Nicols  the  base  at  once  assumes  a  semicrystaJline 
appearance,  many  small  white  prisms  upon  a  felsitic  ground,  with 
scattered  particles  of  the  altered  green  mineral.  I  could,  however, 
detect  no  trace  of  the  development  of  a  spherulitic  structure. 
Altogether  I  am  strongly  inclined  to  think  that  the  microscopic 
examination  tends  to  confirm  the  suggestion  of  its  contemporaneous 
trap-like  origin  derived  from  its  outward  aspect  and  I  therefore 

*  Only  the  general  structure  of  each  group  will  be  here  described,  all  details 
being  reserved  for  Surrey  publication. 
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regard  the  rock  as  part  of  an  original  lava-flow,  with  the  minutely 
crystalline  structure  so  common  in  that  class  of  rock  in  this  country. 
Whether  the  spherulitic  felsite  may  he  a  further  step  in  the  altera- 
tion of  somewhat  similar  beds,  shall  be  considered  when  the  other 
two  divisions  of  the  Carrock  rocks  have  been  described. 

4  b.  Diorite  (?),  altered  dolerite  (Bound  Knott  and  Miton  Hill). — 
This  generally  fine-grained,  dark,  crystalline  rock,  presents  a  beau- 
tiful appearance  under  the  microscope.  Even  specimens  taken  from 
that  part  of  the  rock  at  Round  Knott  which  shows  traces  of  bedding, 
have  a  fine  crystalline  microscopic  structure,  consisting  of  felspar, 
mostly  plagioclase,  a  hornblendic  mineral,  and  some  nearly  unaltered 
augite,  and  more  or  less  quartz,  probably  of  secondary  formation. 
But,  from  the  manner  of  occurrence  of  the  green  hornblendic 
mineral,  and  the  indications  of  partially  altered  augite,  one  would 
he  inclined  to  suspect  that  the  rock  may  be  an  extremely  altered 
one,  belonging,  in  parts  at  any  rate,  to  the  doleritic  class  *. 

Looking  at  its  microscopic  structure  alone,  one  would  but  little 
expect  to  find  such  a  rock  having  well-marked  lines  of  bedding. 

4c.  Eypersthenite  (altered  dolerite?),  south  of  Carrock-Fell 
summit,  crags  above  and  north  of  Mosedale  Village,  Lang  Dale,  and 
Balliway  Bigg. — This  rock  presents  the  following  general  micro- 
scopic characters.  A  coarsely  crystalline  compound  of  plagioclase 
felspar  and  hypersthene,  with  scattered  grains  of  titaniferous  iron 
oxide,  and  more  or  less  quartz.  The  dark-green,  coarsely  crystal- 
line varieties  of  the  rock  show  little  or  no  quartz ;  but  the  white  or 
grey  varieties  (lighter-coloured  felspar)  contain  a  good  deal,  occu- 
pying spaces  between  the  other  minerals.  The  hypersthene  may  be 
replaced  by  a  hornblendic  mineral  or  may  occur  in  conjunction  with 
it.  Fig.  7  (PL  II.)  represents  the  microscopic  structure  of  the  white 
variety  from  White  Crags  (an  analysis  of  which  is  given  in  this  paper) 
as  viewed  by  polarized  light.  The  quartz  is  seen  in  triangular  and 
other  spaces  between  the  banded  plagioclase  crystals ;  and  part  of 
an  altered  crystal  of  hypersthene  is  shown  with  patches  of  the 
black  iron  oxide. 

Mention  has  been  made  of  the  apparent  stratification  in  this  rock, 
immediately  south  of  Carrock  Fell  and  Bound  Knott.  The  coarse 
bands  are,  microscopically,  a  crystalline  mixture  of  plagioclase  and 
hypersthene;  but  the  fine-grained  bands,  which  alternate  with  the 
former,  show  a  very  different  microscopic  structure.  This  I  have 
endeavoured  to  reproduce  in  fig.  8,  as  seen  in  polarized  light, 
between  crossed  Nicols.  In  ordinary  light  a  great  number  of  well- 
defined  grains,  clear  and  transparent,  are  seen  to  be  closely  touching 
one  another  or  parted  by  a  green  dichroic  mineral,  and  minute 
particles  of  magnetite  to  be  scattered  plentifully  throughout.  Be- 
tween crossed  Nicols,  the  clear  grains  are  seen  to  consist  of  partly 
crystallized  felspar  and  quartz,  besides  which  there  occur  some 
crystals  of  plagioclase  of  a  larger  size ;  and  the  green  mineral  seems 
to  be  in  part  hypersthene,  and  in  part,  probably,  hornblende  and 

*  This  was  Mr.  Allport's  opinion  when  he  kindly  glanced  through  these 
slides. 
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altered  augite ;  but  both  are  a  great  deal  changed.  The  divisions 
which  appear  so  frequently  to  traverse  the  small  clear  spaces  appear 
only  in  polarized  light.  This  kind  of  crypto-crystalline  structure  is 
akin  to  that  described  in  Fart  II.  of  this  Memoir  as  occurring  in  a 
highly  altered  volcanic  rock  close  to  the  granite. 

These  fine-grained  bedded  portions  are  quite  distinct  from  irre- 
gular segregations,  some  of  which  occur  in  the  coarse-grained 
hypersthenite  lower  down  the  same  hill-side.  These  last  are  of 
irregular  form,  often  more  or  less  circular,  of  a  whitish  tint,  and 
fine-grained.  Microscopic  examination  shows  them  to  consist  of  a 
compound  of  well-developed  felspar  crystals,  a  green  hornblendic- 
looking  mineral,  and  quartz. 

III.  Chemical  Examination. 

1.  Bocks  of  St.  John's  Vale  and  of  Buttermere. — The  following 
are  analyses  of  carefully  selected  specimens  of  (A)  altered  Skiddaw 
Slate  from  the  summit  of  Red  Pike,  (B)  St.-John's  quartz  felsite, 
(C)  Buttermere  sycnitic  granite.     (See  figs.  3,  2,  and  5,  Plate  II.) 


A 

B. 

c. 

!        D. 

E.        ! 

Skid.  Slate 

Quartz 

Syenitic 

;   Mean  of 
'  tiro  Skid. 
Slate 
analyses. 

Coarse 

of  Rod 

felsite  of 

granite  of 

ash 

Pike. 

St.  John's. 

Buttermere. 

(altered). 

Silica   

54-480 

67-180 

71-442 

60102 

68-421 

Alumina 

20-720 

16-650 

15-340 

!    17-451 

15-855 

Iimo    

1-G24 

2-352 

1-064 

.      1-400 

2016 

Magnesia 

1-94G 

1-549 

•720 

1      2144 

•792 

Potash 

3-203 

2-914 

4-439 

!      3-232 

3-338 

Soda     

0-217 

4-032 

3-951 

I     4-099 

5-627 

Ferrous  oxide  . . 

8-188 

2-151 

1-107 

i     7-747 

2-855 

Ferric  oxide     . . 

•988 

•559 

1-230 

•494 

•172 

Phosphoric  acid . 

•509 

•179 

•118 

•284 

•204 

Sulphuric  acid . . 

trace 

traco 

trace 

•147 

Carbonic  acid  . . 

trace 

•885 

trace 

traco 

trace 

Loss  on  ignition 

2-065 

1-549 

•589 

2-899 

•720 

100-000 

100-000 

100-000 

99-999 

100000 

In  the  fourth  column  is  the  mean  of  two  extreme  analyses  of 
Skiddaw  Slate,  that  of  A  and  that  of  the  How-Gill  slate  brought 
forward  in  Part  III.  The  result  is  a  very  near  approximation  to 
Haughton's  analysis  of  Welsh  roofing-slate  (see  page  5,  Part  III). 
In  the  fifth  column  I  have  reinserted  an  analysis  of  coarse  altered 
ash,  brought  forward  in  Part  II.  of  this  memoir  *. 

The  question  now  arises,  Have  we  any  evidence,  in  chemical  com- 
position, to  enable  us  to  decide  whether  the  quartz  felsite  of  St. 
John's  or  the  syenitic  granite  of  Buttermere  has  been  formed  deep 
*  Quart.  Journ.  GteoL  Soc.  vol  xxxL  p.  597. 
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beneath  the  rocks  in  connexion  with  which  it  now  occurs,  and  in- 
truded into  its  present  position,  or  by  metamorphism  in  situ? 
If  A,  or  even  D,  be  contrasted  with  C,  the  difference  in  composition 
is  at  once  seen  to  be  striking,  especially  with  regard  to  the  relative 
proportions  of  silica  and  of  ferrous  oxide.     On  the  other  hand, 
when  C  is  contrasted  with  E,  the  general  correspondence  is  well 
marked.     The  same  applies  also  to  B — a  considerable  divergence 
between  it  and  A  or  D,  and  a  marked  correspondence  between 
it    and   E.    Hence  we  may  infer  that,  in  so  far  as  these  few 
analyses   represent  the  average  composition  of  the  rocks,  it  is 
quite  possible  that  both  the  quartz  felsite  and  the  eyenitic  granite 
may  be  due  to  the  extreme  metamorphism  in  situ  of  beds  of  the 
volcanic  series,    And,  further,  the  presence  of  bands  of  Skiddaw 
slate,  interstratmed  with  volcanic  ash  or  trap,  might  tend  to  modify 
the  result,  some  bands  of  slate  (probably  the  black  shaly  bands)  not 
yielding  themselves  readily  to  the  change,  and  therefore  remaining 
as  such,  and  others,  more  highly  silicated,  such  as  the  example  from 
How  Gill,  becoming  likewise  transformed  into  the  crystalline  rock, 
though,  perhaps,  less  decidedly  so.     We  have  already  seen  what 
evidence  there  is  in  the  field  to  support  the  view  that  these  felsitic 
and  syenitic  rocks  represent  or  take  the  place  of  beds  of  the  volcanic 
and  Skiddaw  series ;  and  I  am  inclined  to  think  that  the  evidence  of 
chemical  composition  goes  some  way  towards  strengthening  that  view. 
That  these  masses  of  St.  John's  and  of  Buttermere  were  probably 
consolidated  at  a  very  considerable  depth  has  already  been  shown 
in  the  first  part  of  this  memoir,  when  dealing  with  the  evidence  of 
the  liquid-cavities  in  the  quartz ;  and  it  becomes  a  question  how  far 
metamorphism,  carried  on  thus  deeply,  may  be  accompanied  by  an 
introduction  of  an  additional  amount  of  silica  from  below. 

Finally,  I  would  by  no  means  wish  to  assert  that  no  part  of  the 
masses  in  question  is  intrusive.  With  regard  to  that  of  St.  John's, 
occupying  only  a  small  area,  it  may  perhaps  be  so,  any  intrusive 
appearance  which  the  rock  may  now  have  being  probably  the  result 
of  the  subsequent  faulting  (see  map,  fig.  1,  p.  13).  But  in  the  case  of 
so  large  an  area  as  that  of  the  Buttermere  and  Ennerdale  rocks,  it  is 
most  probable  that,  oven  if  we  suppose  the  whole  mass  to  be  due  to 
the  metamorphism  of  beds  of  the  volcanic  and  Skiddaw  series,  some 
measure  of  intrusion  among  and  absorption  of  overlying  beds  may 
have  taken  place  over  certain  tracts. 

The  comparatively  large  percentage  due  to  "  loss  on  ignition  "  in 
A  and  B  represents  carbon  and  water  in  the  following  proportions : — 

A.  B. 

Water     1-704  '752 

Carbonaceous  matter -361  -797 


2065  1-549 


2.  Bocks  of  Carrocle  Fell, — I  have  had  analyses  made  of  typical 
samples  of  (F)  spherulitio  felsite  of  Carrock  Fell,  and  (G)  hyper- 
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division  (green  slate  and  porphyry)  in  an  unusual  state  of  crystal- 
lization r  (see  Appendix,  p.  26). 

If  the  analysis  just  given  he  now  considered,  we  shall  see  how 
far  this  old  view  of  Sedgwick's  is  rendered  probable.  Unfortunately 
I  have  not  at  present  analyses  of  the  lavas  of  Eycott  Hill,  which 
seem  to  be  of  a  generally  more  basic  character  than  the  one  chosen 
as  representative  of  the  more  southern  contemporaneous  traps. 
However,  if  G  and  H  be  contrasted,  the  likeness  in  composition  is 
sufficiently  evident ;  and  I  doubt  not  that  an  analysis  of  the  por- 
phyritic  dolerite  (contemporaneous)  of  Eycott  Hill  and  the  country 
to  the  north  would  correspond  still  more  closely  with  G.  On  the 
other  hand,  if  P  be  compared  with  E  (p.  22),  representing  an  ashy 
and  more  highly  silicated  member  of  the  volcanic  series,  consider- 
able correspondence  is  again  found  to  prevail.  When  these  facts 
are  taken  into  account,  together  with  those  previously  brought 
forward,  it  seems,  I  think,  in  the  highest  degree  probable  that  these 
various  masses  represent  neither  truly  intrusive  rocks  nor  old  centres 
or  foci  of  volcanic  eruption,  but  rather  a  series  of  interbedded  vol- 
canic rocks  of  somewhat  varying  composition  which  have  been  me- 
tamorphosed in  situ,  the  result  being  masses  of  felsite,  dioritc,  and 
hypersthenite — the  first  the  product  of  the  ,'most  highly  silicated 
beds,  and  the  latter  two  of  the  less  silicated  and  augitio  lavas.  If 
this  be  the  case,  the  names  given  above  to  these  masses  must  be  re- 
garded as  correct  only  in  a  limited  sense,  as  suggesting  that  these 
old  volcanic  beds  have  been  so  metamorphosed  as  to  take  on  felsitic, 
dioritic,  or  hypersthenitic  characters,  these  characters  being  by  no 
means  persistent  and  universal  over  large  areas.  Owing  to  the 
deptb  at  which  the  metamorphism  took  place,  the  rocks  have  pro- 
bably been  partly  silicated  from  below ;  and  certainly  much  of  the 
quartz  is  of  secondary  formation. 

Summary. 

1.  The  quartz  felsite  of  St.  John's  Yale  and  the  syenitic  granite 
of  Buttermere  and  Ennerdale  lie,  for  the  most  part,  at  the  junction 
of  the  volcanic  and  Skidd  aw  scries,  and  seem,  by  their  line  of  strike 
and  by  the  occasional  presence  of  bands  of  slate  or  volcanic  rock 
enclosed  within  or  running  through  them,  to  represent  the  transition 
beds  between  the  two  series  metamorphosed  in  great  measure  in  situ. 

2.  Microscopic  examination  seems  to  prove  the  occasional  passage 
of  certain  parts  of  the  Skiddaw  Slate  into  quartz  felsite  (PI.  II. 
figs.  1  &  2). 

3.  The  chemical  examination,  so  far  as  it  goes,  shows  the  pos- 
sibility of  these  rocks  being  formed  by  metamorphism  out  of  the 
volcanic  series  and  included  beds  of  Skiddaw  Slate. 

4.  Evidence  gathered  in  the  field,  and  microscopic  and  chemical 
examination,  all  seem  to  suggest  that  the  rocks  of  Carrock  Fell  &c. 
represent  the  base  of  the  volcanic  series,  consisting  largely  of  con- 
temporaneous traps  thrown  into  a  synclinal  the  axis  of  which  ranges 
generally  east  and  west,  and  metamorphosed  into  rocks  of  greatly 
varying  character. 
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5.  All  the  instances  of  metamorphism  brought  forward  in  this 
part  were  produced  at  'great  depths ;  and  the  rocks  may  have  been 
considerably  silicated  from  below. 

6.  Although  all  these  various  masses  treated  of  were  probably 
formed  in  the  main  by  the  metamorphism  of  beds  in  situ,  it  is  pro- 
bable that  some  parts  of  the  resulting  magma  became  occasionally 
intrusive  among  and  absorptive  of  higher  beds. 

Appendix. 
Notices  of  papers  on  these  Modes  by  other  Authors. 

But  little  more  than  a  bare  mention  is  made  by  Otley,  in  bis 
4  Guide,'  of  the  various  rocks  treated  of  in  this  part. 

Prof.  Sedgwick  described  them  in  his  « Letters '  (1842).  He  notes 
the  occurrence  of  the  St. -John's  rock  in  two  principal  masses,  and 
remarks : — "  When  the  largest  mass  was  protruded,  it  bore  upon  its 
surface  an  enormous  fragment  of  Skiddaw  slate,  which  was  thus 
elevated  far  above  its  natural  level,  mineralized  by  heat,  and  jammed 
against  the  base  of  Wanthwaite  crag."  (This  supposed  enormous 
fragment  represents  the  area  occupied  by  the  alternations  of  slate 
and  volcanic  rocks  at  Clough  Head,  on  the  south  of  the  eastern 
quartz-felsite  mass.) 

After  describing  the  distribution  of  the  syenite  of  Ennerdale  and 
Buttermere,  Prof.  Sedgwick  alludes  to  the  alteration  immediately 
around  it,  remarking  that  in  some  places  "  the  black  slates  are  so 
changed  that  they  can  hardly  be  distinguished  from  the  porphyries 
of  the  middle  division  "  (volcanic  series).  Again — "  In  some  places 
the  formations  are  in  almost  inextricable  confusion,  the  slate  rocks 
in  one  place  abutting  on  the  syenite,  in  another  supporting  it,  and 
in  a  third  resting  upon  it.  A  great  mass  of  the  Skiddaw  Slate  has 
been  caught  up  by  the  syenite,  carried  to  the  top  of  Bad  Pike,  and 
wedged  against  the  green  porphyries  of  High  Stile."  Finally,  he 
adds : — "  In  no  one  case,  however,  has  this  syenite  in  mass  penetrated 
the  green  slates  or  passed  over  them." 

The  same  author  notices  the  "  almost  endless  varieties  of  struc- 
ture*'  exhibited  by  the  syenite  of  Carrock  Fell,  its  crystals  of  hy- 
persthene  and  great  quantities  of  titaniferous  oxide  of  iron  dis- 
seminated through  the  mass,  remarking  : — "  when  on  the  spot  I 
considered  it  only  as  an  instance  of  one  of  tho  porphyries  near  the 
base  of  the  middle  division  (green  slate  and  porphyry)  in  an  unusual 
state  of  crystallization." 

Mr.  J.  6.  Marshall,  in  his  paper  "  On  the  Geology  of  the  Lake- 
district  "  &c.*,  includes  all  the  syenites  with  the  granites  as  meta- 
morphic,  being,  he  thinks,  "  but  altered  beds  of  slate  rock  in  situ." 

Prof.  Harkness,  in  1863,  alluded  to  the  Carrock-Fell  syenite  f. 

Dr.  Nicholson,  in  1869,  contributed  a  paper  J  entitled  "  Notes  on 
certain  of  the  Intrusive  Igneous  Itocks  of  the  Lake  District."     He 

*  Brit.  Assoc.  Rep.  for  1858,  Trans.  Sect.  p.  84. 

t  "On  tho  Skiddaw  Slate  Series,"  Quart.  Journ.  QeoL  Soc.  voL  xix.  p.  113, 

%  Quart.  Journ.  GeoL  Soc.  toL  xxt.  p.  435. 
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notes  the  regular  jointage  of  the  quartz-fokite  (called  syenite)  of 
St  John's,  and  its  resemblance  to  bedding  in  the  quarry  nearest 
Threlkeld,  and  describes  the  rock  in  general.  The  metamorphism 
of  the  Skiddaw  Slate  in  the  Ennerdale  district,  around  the  syenite, 
is  contrasted  with  the  less  amount  of  change  occurring  along  the 
junction  near  Butterinere.  The  strike  of  the  Carrock-Hill  porphyry 
is  noticed  as  similar  to  that  of  the  bedded  trap.  In  conclusion,  the 
author  is  disposed  "  to  look  upon  the  igneous  masses  in  question  as 
the  roots  of  the  ancient  vents  from  which  were  derived  the  alter- 
nating ashes  and  traps  which  together  compose  almost  the  whole  of 
the  green-slate  series.  Whether  they  are  to  be  regarded  as  being 
produced  by  an  alteration  and  fusion  of  the  Skiddaw  slates  in  situ 
is  another  question,  and  one  which  is  at  present  incapable  of  solu- 
tion. Phenomena,  however,  are  not  wanting  which  would  appear 
to  favour  this  view." 

Prof.  Phillips,  in  his  article  in  Black's  '  Guide/  speaks  of  the 
**  principal  mass "  of  "  the  syenitic  and  porphyritic  rocks  of  the 
Tale  of  St.  John  "  having  "  been  forced  up  amongst  the  brecciated 
slates."  The  Ennerdale  and  Buttermere  syenitic  masses,  he  states, 
are  "evidently  irruptive,,,  and  "have  been  forced  through,  and 
perhaps  have  spread  over  the  middle  slates"  (volcanic  series).  The 
same  conclusion  is  also  drawn  in  the  case  of  the  "  syenites  and  por- 
phyries round  Carrock  Fell  and  High  Pike." 

EXPLANATION  OF  PLATE  II. 

Fig.  1.  Altered  Skiddaw  Slate  pawing  into  quartz  felsite,  dough  Head,  St 
John's  Yale.    Magnified  30  times. 

2.  Quartz  felsite  of  St  Johns  Yale.    Magnified  30  times. 

3.  Altered  Skiddaw  Slate,  summit  of  Bed  Pike.    Magnified  70  times. 

4.  Altered  Skiddaw  Slate,  near  Scale  Force,  Buttermere.    Magnified  70 

times.    The  somewhat  oval  liquid-cavity  in  the  large  quartz  space  is 
magnified  210  times. 

5.  Syenitic  granite,  Scale  Force,  Buttermere.    Magnified  30  times. 

6.  Spherulitic  felsite,  Carrock-Fell  summit    Magnified  10  times,  pola- 

rized light. 

7.  Hvpersthenite,  White  Crags,  Carrock.    Magnified  10  times,  polarized 

light. 

8.  Fine-grained  hand  in  coarsely  crystalline  hypersthenite ;  these  bands 

dip  regularly  into  the  mountain-side,  like  ordinary  bedded  deposits. 
Magnified  10  times,  polarized  light. 
The  above  figures  were  drawn  in  water-colours,  direct  from  the  microscope, 
by  the  author. 


Pa.bt  Y. — General  /Summary. 

Coktxhts. 

Leading  Besults  of  the  several  parts — Considerations  relating  to 
Metamorphism. 

1.  Granite  at  various  depths. 

2.  How  far  Granite  may  be  an  ultimate  universal  product  of 

Metamorphism. 

3.  Distribution  of  Metamorphism. 

4.  Classes  of  Metamorphism. 
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Leading  Results  of  the  several  Parts. — In  the  four  preceding  parts 
of  this  memoir  I  have  endeavoured  to  bring  forward  all  the  prin- 
cipal facts  bearing  upon  the  origin  of  the  Plutonic  rocks  of  the 
district,  and  the  degree  of  alteration  to  which  the  surrounding  rocks 
have  been  subjected.  • 

In  Part  I.  the  evidence  of  the  liquid-cavities  in  the  quartz  of  the 
granitic  and  granitoid  rocks  was  considered,  the  general  conclusion 
being  that  the  granites,  syenitic  granites,  and  quartz  felsites  were 
all  consolidated  at  very  considerable  depths,  under  great  pressure, 
this  pressure  being  much  greater  than  could  be  due  to  the  thickness 
of  overlying  rocks,  and  therefore  exerted  mainly  from  below  and 
laterally,  and  resulting  in  the  work  of  upheaval  and  contortion  of 
the  overlying  strata.  The  period  at  which  the  principal  formation 
of  these  granitic  and  granitoid  rocks  took  place  was  considered  to 
be  that  of  the  Old  Bed;  and  the  work  of  elevation,  consequent  on 
the  great  surplus  of  upward  and  lateral  pressure,  was  accompanied 
by  an  enormous  denudation  of  rocks  at  the  surface  during  the  greater 
part  of  Old  Bod  times. 

In  the  subsequent  divisions  of  this  memoir,  the  mode  of  origin  of 
these  various  masses  was  discussed.  In  Part  II.  the  granites  of 
Eskdole  and  Shap  were  dealt  with,  and  it  was  shown  to  be  at  least 
probable,  from  evidence  gathered  in  the  field,  and  by  microscopic 
and  chemical  examination,  that  these  granites  had  been  formed  by 
the  extreme  metamorphism  of  rocks  of  the  volcanic  series,  while  at 
the  same  time  the  partially  intrusive  character  of  the  Shap  granite 
was  suggested  by  various  considerations. 

Part  III.  discussed  the  origin  of  the  Skiddaw  granite  from  points 
of  view  furnished  by  field,  microscopic,  and  chemical  investigation. 
The  gradual  transition  from  unaltered  Skiddaw  Slate  to  mica-schist 
was  proved  under  these  three  heads,  while  at  the  same  time  the 
abrupt  passage  from  the  mica-schist  to  the  granite  appeared  to 
negative  the  idea  of  the  next  step,  into  granite,  necessarily  follow- 
ing in  this  case. 

In  Part  IV.  the  quartz  felsite  of  St.  John's  and  the  syenitic 
granite  of  Buttermere  and  Ennerdale  were  examined  as  to  their 
origin ;  and  there  was  found  to  be  much  evidence  in  favour  of  their 
representing  transition  beds  between  the  volcanic  series  and  Skiddaw 
Slates,  metamorphosed  in  situ. 

The  interesting  rocks  of  Carrock  Fell  were  then  considered,  and 
field,  microscopic,  and  chemical  evidence  were  all  thought  to  lead  to 
the  inference  that  these  masses  of  felsitic,  dioritic  (?),  and  hyper- 
sthenic rocks  were  due  to  the  metamorphism  in  situ  of  the  beds 
forming  the  lower  part  of  the  volcanic  series. 

Such,  then,  are  the  leading  results  of  this  inquiry ;  and  it  now 
only  remains  to  point  out  several  considerations  relating  to  meta- 
morphism to  which  the  geological  facts  of  this  district  seem  to  lead. 

1.  Granite  at  various  depths. — Granite,  it  appears,  may  be  formed 
and  undergo  consolidation  at  very  different  depths,  and  under  vary- 
ing circumstances.  If  the  agents  (pressure  and  moist  heat)  acting 
in   the  formation  of  granite  work  tolerably  near  the  surface  or 
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beneath  some  line  of  weakness  in  the  overlying  rocks,  then  the  great 
pressure  (one  of  these  agents)  under  which  granitic  rocks  seem  in- 
variably to  be  formed,  is  likely  to  relieve  itself  in  volcanic  outbursts, 
and  the  granite  may  be  said  to  be  directly  the  root  of  the  volcano. 
But  if,  on  the  other  hand,  these  agents  are  at  work  at  very  great 
depths  beneath  the  surface,  the  pressure  under  which  the  granite 
may  be  formed,  although  very  intense  in  its  degree,  and  far  exceed- 
ing that  due  to  the  superincumbent  rocks  alone,  being  unable  to 
open  direct  connexion  with  the  surface,  is  spent  in  the  work  of 
elevation  and  contortion  of  the  overlying  rocks.  Then,  if  this  work 
of  contortion  and  fracturing  of  the  rocks  above  open  out  great  lines 
of  weakness,  or  produce  indirectly,  by  concomitant  denudation  taking 
place  at  the  surface  on  a  large  scale,  a  decrease  in  the  thickness  of 
deposits  overlying  the  granite,  this  last  may  then  become  eruptive, 
and  volcanic  outbursts  take  place  at  the  surface.  Hence  it  would 
follow,  as  is  found  to  be  the  case,  that  volcanic  phenomena  succeed 
or  accompany  the  elevation  of  large  tracts,  and  occur  in  connexion 
with  areas  of  depression. 

It  would  therefore  be  in  the  highest  degree  unwise  to  suppose  that 
every  granitic  mass  has  been  the  root  and  origin  of  some  past  series 
of  volcanic  phenomena;  for  it  may  represent  (1)  a  mass  so  deeply 
formed  that,  notwithstanding  all  the  elevation  and  contortion  pro- 
duced by  the  intense  pressure,  no  point  of  sufficient  weakness  was 
found  whereby  relief  might  be  obtained  and  a  volcanic  centre  bo 
established,  (2)  a  mass  which,  though  very  deeply  formed,  was  yet 
able  to  penetrate  upwards  for  a  certain  distance  along  some  area  or 
line  of  weakness,  though  its  final  point  of  consolidation  was  still  far 
below  the  surface,  with  which  it  for  ever  remained  unconnected  by 
any  volcanic  neck ;  or  (3)  it  may  actually  represent  the  very  foun- 
dation of  a  true  volcanic  neck. 

The  granite  of  most  deeply-seated  formation  will  thus  be  more 
usually  surrounded  by  widely  metamorphosed  and  contorted  rocks, 
of  which,  indeed,  the  granite  itself  may  generally  be  considered  but 
a  part,  whereas  the  granite  directly  connected,  at  a  moderate  depth, 
with  volcanic  phenomena  will  bear  more  clearly  the  marks  of  an 
intrusive  character.  Although  all  volcanic  phenomena  may  havo 
so  deep-seated  an  origin  that  they  are  invariably  connected  with  a 
granitic  magma,  it  of  course  does  not  follow  that  all  consolidated 
granitic  masses  must  necessarily  have  been  at  one  time  connected 
with  volcanoes.  If  this  view  be  true,  then,  in  order  for  the  pro- 
duction of  the  several  classes  of  volcanic  rocks,  either  (A)  that  so- 
called  granitic  magma  must  vary  considerably  in  its  composition 
over  different  areas,  and  at  different  periods  over  the  same  area,  or 
(B)  this  magma  must  become  variously  changed  on  passing  upwards 
through  and  among  rocks  of  different  composition  and  character. 
In  the  case,  however,  of  a  single  vent  erupting  both  basic  and  acidic 
material  at  different  periods,  we  must  suppose,  in  the  latter  alter- 
native (B),  that  the  eruptions  had  their  chief  source  at  somewhat 
different  depths  along  the  same  line,  where  the  surrounding  rocks 
by  which  the  character  of  the  magma  might  be  influenced  were 
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likewise  different.  It  is,  indeed,  hard  to  suppose  that  the  matter 
forming  the  root  of  a  volcano  could  exist  in  a  state  of  igneous  fusion 
without  at  the  same  time  absorbing  into  itself  portions  of  the  sur- 
rounding rocks  in  various  degrees,  thus  having  its  character  more  or 
less  modified. 

In  this  connexion  it  is  well  to  remember  that  a  granitic  mass 
formed  by  metamorphism  of  rocks  in  situ  is  almost  sure  to  become 
an  intrusive  mass  at  some  part,  even  among  rocks  of  a  similar  kind 
to  that  out  of  which  it  has  been  formed. 

2.  How  far  Ghranite  may  be  an  ultimate  universal  product  of  lieta~ 
moiphism. — It  has  been  seen  that  in  the  Lake-district  there  is  one 
group  of  rocks  (the  volcanic)  which  in  many  of  its  members  (espe- 
cially the  ashes)  approaches  the  granites  very  nearly  in  chemical 
composition,  while  there  is  another  (the  Skiddaw  Slate)  which 
generally  differs  more  widely,  though  having  some  parts  much  more 
highly  silicated  than  others.  Now  what  is  true  of  the  rocks  of  this 
limited  district  is  true  also  of  rocks  in  general ;  and  we  might  be  in- 
clined to  say  decidedly  that  the  latter  group  could  not  be  metamor- 
phosed into  granite,  while  tho  former  might  be.  But  metamorphic 
action  is  varied ;  and  although  a  simple  melting  down  of  clay-slate 
might  never  produce  granite,  yet  a  moist  fusion,  accompanied  by 
elementary  substnces,  brought  upwards  from  still  greater  depths, 
might  effect  a  great  transformation.  We  know,  indeed,  that  our 
slate-rocks  are  often  abundantly  seamed  with  veins  of  quarts,  which 
mineral  must  have  arisen  from  below  in  a  state  of  solution,  as  is 
evidenced  by  its  now  containing  myriads  of  liquid  cavities.  Now, 
just  as  silica  has  permeated  these  slightly  altered  rocks,  60  we  may 
suppose  silica  to  permeate,  probably  in  still  greater  quantities,  those 
rocks  more  highly  altered  at  a  greater  depth,  and  the  masses  in  a 
state  of  aqueo-igneous  fusion  at  a  greater  depth  still.  Hence  a  rock 
of  the  composition  of  slate  may  be  converted  into  granite  by  under- 
going a  change  in  the  arrangement  of  the  elements  preexisting  in  it, 
together  with  the  addition  from  below  of  some  of  those  elements 
which  were  lacking  in  the  original  slate.  In  this  sense,  for  ex- 
ample, the  Skiddaw  granite  might  be  metamorphic  in  its  origin, 
though  possibly  formed  out  of  lower  beds  than  those  among  which 
it  now  lies,  and  with  the  addition  from  below  of  an  additional  quan- 
tity of  silica. 

All  writers  on  metamorphism  have  agreed  that  there  are  but  three 
ways  in  whieh  it  can  be  effected — (1)  change  in  the  mechanical 
arrangement  of  the  particles,  (2)  change  in  the  arrangement  of  the 
chemical  elements,  (3)  withdrawal  or  addition  of  somo  of  these 
elements. 

3.  Distribution  of  Metamorphism. — There  is,  perhaps,  no  more 
striking  geological  fact  than  the  manner  in  which,  over  highly  me- 
tamorphosed areas,  beds  or  tracts  of  rock  showing  little  alteration 
al tomato  with  others  most  intensely  metamorphosed.  I  believe 
that  the  study  of  alterations  effected  in  such  a  series  of  rocks  as  the 
"  volcanio  "  in  the  Lake-district  throws  light  upon  this  point.  In 
this  case  there  are  frequent  alternations  of  beds  of  very  different 
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degrees  of  fineness  or  coarseness  of  material,  and  many  alternations 
of  various  chemical  composition.  The  changes  produced  hare  been 
sometimes  purely  mechanical — such  as  the  compression  of  ashy 
particles  into  a  very  solid  rock,  or  the  elongation  and  fresh  arrange- 
ment of  such  particles  produced  in  the  process  of  cleavage  by  intense 
lateral  pressure.  But,  besides  these,  other  and  far  greater  changes 
have  taken  place,  variously  in  different  beds,  by  that  most  powerful 
of  all  agents,  water,  acting  in  a  more  or  less  heated  condition  and 
under  pressure.  The  amount  of  alteration  which  has  taken  place 
in  the  beds  by  atomic  or  molecular  rearrangement,  and  the  addition 
or  withdrawal  of  chemical  elements,  is  most  surprising ;  and  the  mi- 
croscopic study  of  the  rocks  brings  this  fact  out  in  a  most  striking 
manner.  No  trace  of  the  original  structure  is  left  in  many  a  rock 
which  outwardly  presents  no  special  signs  of  intense  mctamorphism. 
Slice  after  slice  may  be  cut  and  examined,  and  yet,  perhaps,  not  a 
single  fragment  of  the  most  prominent  mineral  be  found  in  a  wholly 
unaltered  condition.  And  if  this  is  the  case  among  the  less  out- 
wardly metamorphosed  beds — if  water  at  a  comparatively  low  tem- 
perature, though  acting  perhaps  through  vast  periods  of  time,  be 
competent  to  produce  such  striking  internal  changes,  what  may  not 
result  from  that  far  more  intensely  acting  metamorphism,  of  tho 
same  class,  which  has  completely  obliterated  all  signs  of  former  ex-» 
ternal  structure  ?  Por  it  is  a  fact  well  worthy  of  careful  notice, 
that  this  original  external  structure  (whether  of  bedding  or  frag- 
mental)  very  long  survives  the  destruction  of  internal  structure ;  and, 
from  the  mere  outside  appearance  of  many  a  rock,  none  would  have 
the  faintest  idea  of  the  enormous  amount  of  change  in  its  internal 
and  microscopic  structure. 

Now,  if  we  consider  for  a  moment  the  action  of  metamorphism 
upon  a  series  of  rocks  formed  of  alternating  beds  of  (1)  moderately 
fine-grained  ash,  (2)  compact  basaltic  lava,  (3)  coarse  brecciated 
ash,  (4)  fine  stratified  volcanic  dust  of  a  general  felspathic  cha- 
racter, (5)  thin  vesicular  lava,  (6)  very  fine-grained  unstratified 
volcanic  dust,  (7)  volcanic  breccia,  we  may  form  a  fair  idea  of  what 
might  be  called  selective  metamorphism.  The  above-named  deposits 
might  be  thus  changed  into: — 1,  a  hard  flinty-looking  felstone 
roughly  cleaved ;  2,  a  rock  with  scarcely  a  trace  of  unaltered  augite, 
but  full  of  chlorite,  with  quartz  filling  up  spaces,  and  original  crys- 
talline structure  almost  or  wholly  obliterated ;  3,  a  ringing,  white- 
weathering  felstone,  perfectly  structureless  inside,  but  revealing  the 
outline  of  fragments  on  the  exterior;  4,  a  felstone-like  banded 
rock,  exceedingly  trap-like  within,  and  containing  imperfectly 
formed  crystals  of  felspar ;  5,  an  amygdaloidal  rock,  charged  through- 
out with  added  material ;  6,  apparently  a  fine-grained  trap ;  7,  a 
massive  rock,  seeming  to  be  composed  of  all  sorts  of  metamorphic 
rocks  welded  together.  It  is  more  than  probable  that  in  such  a 
series  No.  6  would  be  mistaken  for  a  bed  of  contemporaneous  trap 
(lava),  of  which  5  was  the  vesicular  base,  while  4  might  be  taken 
to  be  a  contemporaneous  felstone  trap.  If  these  various  beds  were 
of  some  thickness,  and  had  an  extended  range,  the  errors  supposed 
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above  would  be  all  the  more  likely  to  occur,  the  regularity  of  meta- 
morphic  selection  along  bands  masking  the  very  existence  of  great 
metamorphism.  This  selective  metamorphism,  in  whatever  kinds  of 
rock  it  shows  itself,  will  be  much  facilitated  by  the  fact  that  very 
generally  the  strike  of  the  rocks  corresponds  with  the  main  axis  of 
metamorphism,  both  being  the  result  of  lateral  pressure  acting  at 
right  angles.  It  is  important  to  remember  that  in  the  cose  of  sack 
a  series  of  beds  as  that  just  now  supposed,  while  all  may  have  been 
subjected  to  the  same  general  amount  of  metamorphic  action,  some 
will  show  that  metamorphism  outwardly  far  more  than  others, 
while  at  the  same  time  the  various  beds  may  have  been  changed 
in  different  ways  according  to  their  texture  and  composition. 

4.  Classes  of  Metamorphism. — In  conclusion,  it  may  be  as  well 
just  to  summarize  the  principal  conditions  under  which  rocks  occur 
with  regard  to  metamorphism. 

(1)  That  state  in  which  igneous  fusion  is  the  most  important  or 
conspicuous  element.  This  is  seen  in  the  case  of  lava  flowing  from 
a  volcanic  vent.  The  presence  of  water,  however,  is  distinctly 
recognized;  and  its  sudden  expansion  into  vapour  with  explosive 
violence  is  acknowledged  as  the  chief  agent  in  those  paroxysmal 
eruptions  which  have  sometimes  resulted  in  the  formation  of  crater- 
lakes  of  great  size. 

(2)  A  state  of  aqueo-igneous  fusion,  occurring  at  a  much;greater 
depth  than  the  last,  and  reaching  only  a  dull  red  heat  as  a  maximum. 
In  this  state  we  have  every  reason  to  suppose  the  granitic  magma  to  be 
which  may  now  be  solidifying  at  various  remote  spots  beneath  our 
feet.  The  metamorphism  due  to  moist  heat  under  pressure,  at  a 
temperature  not  exceeding  400°  C,  may  show  itself  in  the  complete 
changing  of  the  mineralogical  and  physical  aspects  of  a  rock,  and  in 
the  production  of  such  anhydrous  silicates  as  felspar,  augite,  &c, 
which  when  produced  in  the  dry  way  require  a  very  much  higher 
temperature  for  their  formation  (Daubree  *).  Thus,  while  granite 
may  be  solidifying  at  a  certain  spot,  the  rocks  all  around  may 
become  granitoid  and  porphyritic. 

(3)  A  state  in  which  the  rocks  are  permeated  by  water  at  a  con- 
siderably lower  temperature  than  400°  C.  The  metamorphism  in 
this  case,  though  not  so  generally  conspicuous,  is  still  highly  im- 
portant. Thus,  the  water  with  diminished  temperature  can  now 
decompose  those  very  felspar  crystals  which  at  a  higher  temperature 
it  could  give  rise  to;  and  minor  changes  innumerable  may  take 
place  throughout  the  rock  subject  to  it. 

Discission. 

Mr.  Rxttlev  partly  agreed  with  the  author  in  his  views  as  to 
metamorphism,  which  seemed  to  him  to  be  to  a  great  extent  a 
bathy metrical  question.  Granite  had  no  doubt  in  many  instances 
been  formed  from  other  recks  subjected  to  great  heat  accompanied 

*  This  author  has  shown  that  the  action  of  water-vapour  is  similar  to  that 
of  liquid  water. 
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by  pressure.  The  nature  of  felsitic  matter  was  not,  in  his  opinion, 
well  understood.  In  many  instances  it  is  exceedingly  difficult  to 
distinguish  between  mica  and  hornblende,  hornblende  and  mica 
plates  of  microscopic  size  being  much  alike  under  certain  circum- 
stances. He  had  never  seen  fines  of  bedding  in  hypersthenic  as 
described  by  the  author.  Quarta-porphyry  and  rocks  of  that  de- 
scription were  merely  varieties  of  granite.  The  felsitic  dykes 
occurring  in  the  Upper  Silurians  of  the  Lake-district  nearly  all 
contain  magnesian  mica.  He  thought  it  a  curious  fact  that,  although 
the  Carboniferous  Limestone  must  at  one  time  have  overlain  a  great 
part  of  the  Silurian  rocks  of  the  Lake-district,  there  are  no  traces  of 
the  typical  doleritic  dykes  of  the  Carboniferous  Limestone  in  the 
latter  rocks,  through  which,  however,  the  dykes  must  in  the  first 
instance  have  passed ;  and  it  would  be  interesting  to  ascertain  what 
was  the  mineral  constitution  of  basalt  dykes  of  Carboniferous  age 
where  they  passed  through  underlying  sub-Carboniferous  rocks. 
The  spots  in  the  specimens  described  by  the  author  as  "  Spotted 
Slate  "  appear  to  be  crystals. 

Prof.  Hughes  drew  attention  to  a  paper  by  Mr.  Marshall  on  the 
metamorphism  of  the  Lake-district,  which  he  considered  correct  in 
principle,  though  in  the  application  the  author  might  be  often  wrong. 
He  thought  that  we  should  be  cautious  not  to  attach  too  great 
importance  to  the  apparent  dip  of  metamorphic  rocks  to  or  from  a 
granitic  boss  or  ridge,  as  the  phenomena  might  be  produced  during 
movements  at  any  period  subsequent  to  the  consolidation  of  the 
granite  by  the  greater  compressibility  of  the  surrounding  rocks  as 
compared  with  the  granite,  the  extreme  of  this  action  producing 
the  protrusion  of  solid  granite,  also  that  the  withdrawal  of  a  large 
amount  of  matter  from  below  to  furnish  the  materials  of  the  volcanic 
ejectamenta  must  cause  extensive  sinkings  of  the  area  from  below 
which  this  matter  was  withdrawn.  He  gave  examples,  on  a  small 
scale,  of  what  Mr.  Ward  had  termed  selective  metamorphism,  and 
showed  that,  in  the  case  of  the  Whin  Sill,  it  seemed  to  affect  most 
the  more  siliceous  rocks.  He  also  referred  to  examples  of  certain 
mica- trap  dykes  on  the  borders  of  the  Lake- district,  the  mode  of 
occurrence  of  which  suggested  that  they  were  due  to  the  alteration 
of  the  Silurian  rock  in  place  along  lines  of  joints. 

Mr.  Judd  maintained  that  the  relations  of  the  igneous  to  the 
stratified  rocks  of  the  Lake-district,  which  had  been  rendered  so 
clear  by  the  author's  surveys,  were  perfectly  consistent  with  a 
totally  different  conclusion  from  that  at  which  he  had  arrived ;  and 
he  doubted  whether  the  chemical  analyses  cited  in  the  paper  could 
really  be  regarded  as  bearing  out  the  author's  views.  With  respect 
to  the  application  to  the  district  of  Mr.  Sorby's  deductions  from  the 
study  of  liquid-cavities  in  the  crystals  of  igneous  rocks,  he  argued 
that  (as  many  of  the  necessary  data  employed  in  the  solution  of  the 
problem  were  confessedly  only  the  rudest  approximations  instead  of 
actual  values)  but  little  importance  could  be  attached  to  the  results 
arrived  at. 

Mr.  Hicks  remarked  that,  in  the  Cambrian  series,  rocks  which  had 
Q.J.G.S.  No.  126.  d 
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been  subjected  to  the  conditions  of  heat  and  pressure  existing  at  a 
depth  of  50,000  feet  are  found  not  to  be  sensibly  altered,  whilst  in 
the  same  rocks  the  passage  of  a  trap  dyke  caused  a  considerable 
change  in  the  mineral  ingredients  in  its  neighbourhood.  The  vol- 
canic rocks  described  by  the  author  were  produced,  Mr.  Hicks 
thought,  in  Silurian  times. 

Mr.  Wa&d  replied  as  follows : 

To  Mr.  Rutley. — That  the  passage  of  the  hypersthenite  into  the 
felsite,  though  most  decidedly  gradual  in  some  parts,  was  frequently 
tolerably  abrupt. 

To  Prof.  Hughes. — That  Mr.  Marshall's  views  as  to  metamorphism 
were  carried  much  too  far,  inasmuch  as  he  considered  the  whole 
volcanic  series  to  represent  beds  of  an  ordinary  sedimentary  origin 
highly  metamorphosed. 

To  Mr.  Judd. — That  the  author  had  always  endeavoured  to  be 
especially  on  his  guard  against  mistaking  lines  of  viscosity  in  vol- 
canic lavas  and  other  rocks  for  indications  of  former  bedding.  He 
defended  the  use  of  chemical  analyses,  when  care  was  taken  to 
insure  the  analysis  of  truly  typical  and  well-selected  specimens, 
adding  that,  although  the  results  might  not  go  for  much  when  taken 
alone,  yet  they  were  of  some  value  if  united  with  other  lines  of  re- 
search on  the  same  rocks,  such  as  microscopic  and  field  examination. 
With  reference  to  deductions  drawn  from  the  examination  of  liquid- 
cavities  in  the  quartz  of  the  granites,  the  author  mentioned  that 
Mr.  Sorby  had  expressed  considerable  surprise  and  satisfaction  at 
the  general  agreement  of  the  author's  results  with  those  he  had 
published  many  years  since  on  various  granites  other  than  those  of 
the  Lake-country,  and  that  a  German  physicist  had  arrived  at 
parallel  results  by  an  entirely  different  method  of  examination. 
With  regard  to  Mr.  Judd's  suggestion,  that  all  or  much  of  the 
Lower  Old  Bed  may  once  have  been  present  in  the  Lake-district, 
thus  adding  to  the  thickness  of  rocks  above  the  granite  of  Skidds w 
&c,  Mr.  Ward  remarked  that  he  would  leave  the  Society  to  judge 
whether  we  should  consider  that  at  the  close  of  the  Upper  Silurian 
some  20,000  feet  of  strata  of  Old  Bed  age  were  deposited  and  then 
denuded,  or,  considering  there  is  no  trace  of  these  Lower  Old  Bed  strata 
in  the  district,  whether  at  the  close  of  the  Upper  Silurian,  when  the 
Skiddaw  Slates  were  covered  by  some  20,000  feet  of  strata,  that 
vast  denudation  alone  took  place,  which  bared  the  rocks  round 
Skiddaw,  and  was  succeeded  by  the  deposition  of  only  the  upper- 
most beds  of  the  Old  Bed. 

To  Mr.  Hicks. — That  he  was  of  opinion  that  it  was  rather  too 
strong  a  statement  to  make,  that  because  certain  beds  buried—as 
Mr.  Hicks  affirmed — under  50,000  feet  of  strata  were  not  much 
metamorphosed,  therefore  no  granite  could  be  formed  at  a  less  depth 
than  this ;  he  believed  that  the  Lake-district  work  completely  con- 
futed such  a  statement 
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2.  Notes  an  the  Paubozoic  Echiki.  By  Waltbb  Keeping,  Esq.,  of 
the  Woodwardian  Museum,  Scholar  of  Christ's  College,  Cam- 
bridge.    (Bead  June  9,  1875.) 

(Communicated  by  Professor  T.  McK.  Hughes.) 

[Plati  in.] 

The  interest  excited  by  the  discovery,  in  1869,  of  that  remarkable 
flexible  Echinoderm,  Asihmo&oma  or  CaXveriay  in  the  deep  Atlantic, 
is  increased  by  the  fact  noticed  by  Mr.  J.  Young*  and  other  palaeon- 
tologists, that  certain  other  forms,  whose  day  ended  far  back  in  geolo- 
gical time,  also  possessed  the  same  overlapping  plates  and  consequent 
flexibility.  This  structure  was  first  described  by  Prof.  J.  Hall  in 
Lepidtchinus,  and  has  since  been  noticed  by  Meek  and  Worthen  in 
another  American  genus,  Lepidesthes,  and  by  Mr.  Young  in  the 
scattered  plates  of  Archaocidaris  from  our  own  Carboniferous  rocks. 
This  character  I  have  also  detected  in  other  genera  of  the  same  group 
of  Perischoechinidae  from  Co.  Wexford,  Ireland. 

It  is  worthy  of  note  that  whereas  in  the  more  modern  (Creta- 
ceous and  Recent)  group  of  flexible  Echini  (Echinothuridae)  the  inter- 
ambulacral  plates  imbricate  from  above  downwards,  and  the  ambu- 
lacra! from  below  upwards,  in  these  Palaeozoic  forms  (Perischoechi- 
nidae) the  opposite  arrangement  obtains. 

1.  Perischodomus.     PI.  III.  figs.  1-5. 

Since  the  first  notice  of  the  genus  Peiischodomus  by  Prof.  McCoy,  in 
the  *  Annals  of  Natural  History,'  vol.  iii.  (1849)  p.  251,  this  specimen, 
which  is  one  of  McCoy's  two  types,  seems  to  have  been  lost  sight  of 
by  palaeontologists;  for  we  find  Mr.  Etheridge,  J  un.,  observing  f  that 
"  very  little  is  known  regarding  this  genus,"  and  Meek  and  Worthen 
say  X  "  only  a  single  very  imperfect  specimen  of  it  has,  we  be- 
lieve, yet  been  found." 

McCoy's  diagnosis  of  this  genus  is : — "  Spheroidal,  depressed,  sub- 
pentagonal  ;  ambulacra  narrow,  of  two  rows  of  small  plates,  most 
usually  of  a  transversely  elongate  pentagonal  figure,  and  each 
pierced  by  one  pair  of  simple  pores ;  interambulacra  wide,  of  five 
rows  of  plates  very  irregular  in  size  and  shape,  all  the  plates 
covered  with  small  equal  granules  or  secondary  tubercles,  while  the 
rows  on  each  side  adjoining  the  ambulacra  alone  bear  the  small 
smooth  primary  spines,  one  on  each,  the  supporting  tubercle  being 
small,  mammillated,  perforated  but  not  crenulated,  surrounded  by  a 
double  ring,  and  situated  not  in  the  centre  but  near  the  ambulacra! 
edge,  a  little  above  the  middle ;  ovarian  plates  pierced  each  with  6 
foramina ;  mouth  and  anus  small,  both  central." 
To  this  must  now  be  added : — interambulacral  plates  overlapping 

*  Geo!  Mag.  vol  x.  p.  302.         t  Quart.  Journ.  Geol.  Soc.  vol  in.  p.  312. 
\  Pal  Illinois,  vol.  ii.  p.  295. 
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from  below  upwards,  and  from  the  centres  of  the  areas  outwards ; 
ambulacra!  from  the  dorsal  side  downwards. 

The  specimen  which  has  disclosed  this  structure  is  a  flattened, 
nearly  perfect,  dorsal  half  of  P.  biserialis  (McCoy)*. 

The  interambulacral  plates  are  convex  and  irregular  in  form,  as 
shown  in  the  figure  given  by  McCoy  t ;  but  those  of  the  median  row 
are  much  more  regular,  being  usually  trapezoidal.  The  inferior  over- 
lapped surface  of  articulation  in  a  well-exposed  interambulacral  plate 
is  seen  to  be  about  half  the  breadth  of  the  exposed  part  of  the  plate 
itself;  it  is  not  simply  bevelled  off  flat,  but  is  slightly  hollowed 
to  receive  the  corresponding  convex  surface  of  the  plate  below 
(fig.  3) ;  on  the  contrary,  in  the  lateral  imbrication,  the  underlying 
overlapped  surface  is  slightly  convex  (fig.  2). 

The  plates  of  the  median  range  overlap  those  on  each  side  of  them 
as  well  as  those  above,  like  the  summit  tiles  of  a  roof.  Of  the  five 
ranges  of  interambulacral  plates,  two  end  suddenly  at  about  the 
hird  plate  from  the  apical  disk,  the  last  one  being  scarcely  smaller 
than  the  rest  in  the  range ;  the  plates  of  the  lateral  ranges  next 
above  are  larger  than  usual  by  way  of  compensation  (fig.  4). 

The  ambulacral  areas  are  slightly  sunk,  their  plates  overlapped  on 
both  sides  by  the  interambulacral,  and  deeply  interlocking  with  each 
other.  Like  the  interambulacral  plates  they  are  irregular,  in  places 
club-shaped,  the  thick  and  thin  ends  alternating,  in  other  places 
more  regular  (as  in  McCoy's  figure);  their  surface  is  minutely 
granulated  as  in  the  interambulacral  plates. 

Of  the  apical  disk  (fig.  4),  the  five  genital  plates  are  preserved  in  this 
specimen.  These  are  pentagonal  in  form,  and  are  overlapped  by  the 
interambulacral  plates.  They  are  perforated  by  numerous  pores — 
6  according  to  Prof.  McCoy ;  but  one  plate  has  8  distinct  perfora- 
tions, while  another  almost  as  obviously  could  not  have  possessed 
more  than  6 ;  so  that  in  this  genus  we  have  the  same  remarkable 
irregularity  as  is  observed  by  Messrs.  Meek  and  Worthen  in  the 
genus  Mehnites  J. 

Other  small  triangular  plates  are  seen,  which  may  possibly  be  the 
ocular  plates ;  but  I  am  unable  to  detect  any  perforations  in  them  ; 
moreover  they  are  somewhat  displaced,  so  as  to  be  opposite  the 
interambulacral  plates;  this  displacement  is  shared  by  the  other 
apical  plates.  If  these  are  the  ocular  plates,  it  is  singular  that  they 
should  overlap  the  genital  plates.  Within  the  circle  are  seen  other 
plates,  two  of  which  appear  to  be  in  situ ;  these  may  represent  the 
suranal  series  of  the  Saleniacte  and  Cidarida?. 

Two  sets  of  spines  were  present  in  this  species  (P.  biserialis). 
Prof.  McCoy  described  the  primary  one  as  cylindrical  and  smooth 
44  as  far  as  seen."  Only  the  secondary  ones  (fig.  5)  are  preserved  on  this 
specimen ;  and  these,  under  the  microscope,  are  seen  to  be  delicate, 
^  needle-shaped,  and  coarsely  ribbed.     Length  3-5  mm. 

In  its  general  aspect,  and  in  the  complex  nature  of  its  imbrication, 
Prof.  Hall's  genus  Lepidechinus  approaches  near  to  Perischodomus — 
so  much  so  that  we  find  Mr.  Etheridge  'saying,  "  presuming  for  one 

*  Ann.  &  Mag.  Nat  Hist  vol.  iii.  1849,  p.  254.  f  Loc.  tit.  p.  253. 

X  Pal.  Illinois,  toI.  ii.  p.  228. 
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moment  that  that  genus  is  ultimately  proved  to  possess  imbricating 
plates,  the  two  genera  Lepidechinus  and  Perischodomus  may  perhaps 
be  considered  identical"*.  Still  I  think  there  is  abundant  differ- 
ence between  the  two  genera.  The  interambulacral  plates  in  Prof. 
Hall's  genua  are  far  more  numerous  (as  many  as  eleven  ranges  of 
plates) ;  and  these  dwindle  in  size  towards  the  summit ;  also,  on  the 
upper  surface  at  least,  well-developed  tubercles  are  present  on  all 
the  ranges  of  interambulacral  plates  t  instead  of  being  confined  to 
the  two  lateral  ranges. 

The  "imperfect  specimens",  mentioned  by  Messrs.  Meek  and 
Worthen  as  "doubtless  belonging  to  Lepidechinus  "t*  would  pro- 
bably have  been  referred  by  them  to  Perischodomus,  had  they  known 
of  the  imbricating  character  of  the  plates  in  this  genus.  Lepides- 
thss§  is  distinguished  from  this  by  its  numerous  (10)  ranges  of 
ambulacral  plates ;  Archoeocidaris  by  its  large  plates,  each  with  a 
primary  tubercle. 

2.  EHOECHnnjs  ||,  nov.  gen. 

Test  rather  small,  spheroidal  (?),  interambulacral  areas  consisting  of 
five  ranges  of  irregular  plates,  two  of  which  disappear  before 
reaching  the  apical  pole ;  plates  covered  with  small  granules ;  no 
large  tubercles.  Ambulacral  areas  narrow,  composed  of  two  ranges 
of  interlocking  plates,  each  perforated  by  a  pair  of  pores.  The 
interambulacral  plates  imbricate  from  below  upwards,  and  from  the 
central  range  outwards ;  the  ambulacral  from  above  downwards. 

This  genus  is  nearly  allied  to  Perischodomus  and  Lepideehinus, 
from  both  of  which  it  is  distinguished  by  the  absence  of  primary 
tubercles. 

B.  iRBBGTJLAKis  (Keeping).    PI.  III.  figs.  6-8. 

A  small  Urchin  (diam.  about  25  mm.),  depressed  at  the  poles. 
Interambulacral  plates  echinated,  with  little  sharp  granules  (fig.  8). 
The  median  range  is  the  first  to  disappear  towards  the  poles,  being  only 
seen  near  the  equator  of  the  test ;  another  range  disappears  at  about 
two  plates  from  the  summit.  Ambulacral  areas  sunk,  narrow  (2-3 
mm.) ;  plates  transversely  elongated,  pentagonal,  the  pores  situated 
about  the  centre  of  the  plate.  There  are  4  or  5  ambulacral  plates 
to  one  interambulacral. 

Lot.  Hook  Head,  Co.  Wexford,  Carboniferous  Limestone. 

3.  PAUBCHunrs. 
PALJBCHiNtTB?  nrTERMEDiU8  (Keeping).     PL  III.  figs.  9-11. 

Test  spheroidal ;  interambulacral  areas  with  five  (?)  ranges  of 
regular  plates,  outer  ranges  pentagonal,  inner  ranges  hexagonal 
Surface  of  the  plates  unSbrmly  granulated  with  small  tubercles 

*  Quart  Jcmrn.  Geol.  Soc.  vol.  xxx.  p.  313. 

t  Prof,  Hall,  Twentieth  Report,  State  Cabinet,  New  York,  t.  ix.  fig.  10. 

}  Pat  111.  ii.  p.  295.  }  hoc.  tit.  iii.  p.  522.  ||  fio&,  a  pomegranate. 
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surrounded  by  a  smooth,  ring.  Ambulacral  areas  as  broad  as  one 
of  the  adjacent  interambulacral  plates  (5  mm.) ;  composed  of  two 
rows  of  plates,  which  are  wedge-shaped,  and  granulated  like  the  inter- 
ambulacrals ;  pores  near  the  outer  edges  of  the  plates,  bigeminal. 

The  interambulacral  plates  overlap  from  below  upwards  (?)  * ;  and 
the  anterolateral  overlaps  the  postero-lateral  edge  f ;  the  ambula- 
cral  plates  overlap  in  the  opposite  direction.  As  a  consequence  of 
the  alternating  wedge-shaped  ambulacral  plates,  only  every  other 
one  makes  an  impression  on  the  interambulacral  plates,  which  are 
thus  marked  with  4-6  indentations. 

Near  to  P.  gigas  (McCoy),  from  which  it  differs  in  the  greater 
relative  number  of  ambulacral  plates,  each  of  which  has  only  two 
instead  of  four  pores,  and  in  the  overlapping  of  the  plates.  This 
latter  structure  is  not  nearly  so  pronounced  as  in  Perischodomus, 
and  is,  indeed,  of  a  different  type.  In  that  genus  the  plates  are 
thin  and  overlap  like  scales ;  here  they  are  thick  and  bevelled  off  as 
a  carpenter  planes  off  his  plank  in  joining  (fig.  11) ;  so  that  the  test 
here  could  only  have  possessed  a  slight  degree  of  mobility,  and  would 
scarcely  be  capable  of  "  panting  "  J  like  its  modern  representative 
Calveria.  The  specific  name  refers  to  the  overlapping  of  the  plates, 
which  is  interesting  as  being  of  a  character  intermediate  between  the 
simply  opposed  plates  of  ordinary  Echini  and  those  of  Perischodomus. 

Loc.  Hook  Head,  Fethard. 

PALJscHnnxs  gigas  (McCoy).     PL  III.  figs.  12, 13. 

In  this  species  the  ambulacral  plates  seem  to  be  welded  in  pairs. 
They  were  described  by  Prof.  McCoy  §  as  each  possessing  two 
pairs  of  pores  (fig.  12) — a  character  which  M.  Desor  ||  suggests  might 
separate  it  as  a  genus  from  PaUechinus;  but  its  true  nature  is 
clearly  shown  by  a  specimen  in  a  part  of  our  collection  arranged  by 
Prof.  McCoy  himself,  where  the  double  character  is  indicated  by  a 
pair  of  median  interlocking  articular  angles  to  each  plate  (fig.  13). 
This  is  the  only  example  recorded  of  the  fusion  of  the  ambulacral 
plates  in  the  Palaeozoic  Echini,  a  feature  so  common  among  recent 
Urchins. 

Paubchiots  8PHJEBICU8  (McCoy). 

A  specimen  of  this  species  shows  a  loose  ocular  plate  with  two 
pores,  agreeing  with  those  described  by  Mr.  BailylT  in  R  elliptic**. 

*  Sinoe  both  poles  are  absent,  I  am  unable  to  determine  the  direction  of  the 
imbrication ;  but  we  may  presume  that  it  was  the  same  as  in  the  other  Periacho- 
©chinidae. 

t  This  character  may  be  taken  as  generic ;  and  Messrs.  Meek  and  Worthen 
suggest  that  it  is  of  "  even  more  than  generic  importance"  (Pall.  111.  iii.  p.  522). 
But  since  in  every  characteristic,  except  the  bevelling  of  the  plate,  it  agrees  with 
Palachinus,  it  is  perhaps  best  to  retain  it  in  that  genus  till  we  obtain  further 
evidence. 

(The  Depths  of  the  Sea,  by  Prof.  Wyville  Thomson,  p.  166. 
Carb.  Foss.  Ireland,  pi.  xxiv.  f.  4,  p.  172. 
Desor,  Synopsis  des  Echinides,  p.  158. 
Royal  Geol.  Soc.  Ireland,  1864. 
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4.  Abchjsoctdi^is. 
Abchjeocipamb  Uru  (Fleming).    PL  ILL  figs.  14-18. 

A  specimen  found  by  Professor  Hughes  at  Hafod-y-calch,  Corwen, 
possessing  sixteen  large  plates  but  slightly  displaced  from  their 
natural  position,  indicates  that  this  Urchin  possessed  as  many  as  five 
ranges  of  interambulacral  plates  *  in  each  area.  These  plates  are 
▼ery  thin,  and  imbricate  from  the  central  ranges  outwards  (fig.  17)  as 
in  Perisehodomus.  The  dorsal  and  ventral  edges  were  more  firmly 
united  by  a  sort  of  hinge  (fig.  16),  the  edge  of  one  fitting  into  a  groove 
in  the  other,  as  described  by  Mr.  J.  Young  f ,  from  which  description 
it  also  follows  that  the  ambulacral  plates  were  overlapped  by  the 
contiguous  interambulacrals. 

Part  of  an  ambulacral  range  is  preserved  on  one  side,  showing 
the  plates  to  be  very  irregular  and  perforated  by  two  large  pores. 
A  very  good  idea  of  the  aspect  of  these  plates  may  be  got  by  ima- 
gining a  couple  of  corallites  cut  from  the  Dudley  chain  coral, 
Hall/sites  catenulatus.  The  only  interambulacral'  plate  which  is 
contiguous  to  this  series  of  plates  is  not  pentagonal,  but  hepta- 
gon al,  with  rounded  angles  (fig.  15);  this  was  explained  by  the  dis- 
covery of  a  broadly  wedge-shaped  scale-like  ambulacral  plate  (fig.  18)t 
the  head  of  the  wedge  being  produced  and  rounded  to  fit  into  the 
space  made  by  cutting  off  the  angles  of  the  interambulacral  plates 
as  above  described.  Sach  an  arrangement  would  help  to  keep  the 
plates  in  position  during  flexures  of  the  test. 

Associated  with  the  plates  and  large  thorny  spines  of  this  species 
the  small  secondary  spines  may  nearly  always  be  found.  These  re- 
semble those  of  Perisehodomus  in  appearance ;  they  are  tubular  and 
coarsely  ribbed,  almost  as  coarsely  as  the  larger  spines,  but  possess 
no  thorns  upon  them. 

Opinions  have  differed  widely  as  to  the  value  of  the  group 
Perischoechinida  in  classification.  By  Prof.  McCoy  it  was  placed  as 
a  distinct  order  of  the  Echinodermata,  while  Pictet  includes  its  mem- 
bers in  the  family  Cidaridae.  But  though  no  structure  is  known  in 
them  which  is  not  represented  in  the  Echinoidea,  they  are  well 
distinguished  from  all  the  rest  of  the  order  by  the  greater  number 
of  ranges  of  interambulacral  plates,  and,  so  far.  as  is  yet  known,  also 
by  the  fact  that  when  the  plates  of  the  test  overlapped,  this  over- 
lapping was  in  the  opposite  direction  to  that  of  the  flexible  Echini 
of  the  more  modern  group,  and,  again,  by  the  greater  number  of 
pores  in  the  apical  series  of  plates,  a  character  indicating  other 
physiological  variations  J.  They  are  equally  well  marked  off  in  time — 
all  the  Perischoechinida?  having  disappeared  at  the  end  of  the  Palaeozoic 
period,  before  any  of  the  modern  types  of  Echini  had  appeared. 

Prof.  Wyville  Thomson's  remark  in  connexion  with  the  Echino- 

*  jL  WbrtUni  (Hall,  Gaol.  Iowa,  vol  ii.  p.  700)  has  four  rows  of  plates  in 
each  interambulacral  area. 

t  GeoLMag.ToLx.p.302. 

t  Double  genital  pores  occur  in  the  genus  Cidaris  (Agassi*,  Bey.  Echin* 
p.  647). 
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thurid©,  that  "they  differ  to  the  widest  extent  compatible  with 
belonging  to  the  same  suborder,"  might,  it  seems  to  me,  apply  with 
greater  force  to  the  Perischoechinidse.  Such  was  Homer's  opinion, 
who  ranked  them  as  a  separate  suborder. 

I  append  the  following  classification  of  the  Echinoidea. 

Order  Bchihoidba*. 


2  rows  of  plates  in  each  area. 
Suborder  Echixida. 


Plates  not 

imbricating; 

test  rigid. 

Section  Stereo- 

dermatai. 


Vent  sur- 
rounded by 

the  apical 
plates. 

Subsection , 
Endocyclica 

(Wright). 


More  than  two  rows 

of  plates  in  the 

interambulacral  areas. 

Suborder  Pbbiscko- 

BcmifiDA  (McCoy). 


Plates  imbrica- 
ting; test  flexible. 
Section  Echino- 

thurida 
(W.  Thomson). 


Plates  not  Plates 

imbricating.  imbricating. 

Section  Section 

Tessellata.  Lepidermaia. 


Vent  not 

surrounded  by 

the  apical 

plates. 

Subsection 

ExocycUca 

(Wright). 


Appendix. 

Since  writing  the  above  I  have  had  an  opportunity  of  examining 
cursorily  some  specimens  in  the  Jermyn-Street  Museum.  Amongst 
them  is  a  giant  Echinus,  from  the  Carboniferous  Limestone  of  Derby- 
shire, crushed  and  much  disarranged.  It  covers  an  area  of  about  7\ 
by  6£  inches.  Traces  of  the  five  ambulacra  are  seen  converging  to 
what  is,  I  believe,  the  mouth,  of  which  aperture  no  trace  is  now  left. 

The  interambulacral  plates  are  extremely  numerous,  mostly  hexa- 
gonal, but  some  (the  marginal  rows)  pentagonal ;  the  plates  have 
suffered  much  from  weathering,  so  that  only  a  few  of  them  show 
that  they  were  uniformly  covered  with  small  imperforate  granules 
surrounded  by  a  faint  ring.  There  must  have  been  from  10  to  15 
ranges  of  these  plates  in  each  interambulacral  area. 

The  ambulacra!  areas  are  very  broad,  and  are  composed  of  nume- 
rous very  irregular  plates,  each  perforated  by  a  pair  of  pores.  There 
are  at  least  five  rows  of  these  plates ;  and  certain  appearances  suggest 
that  there  may  have  been  as  many  as  8  or  10  ranges,  as  in  the 

*  For  definition  see  Huxley  '  Introduction  to  Classification  of  Animals,' 
p.  128. 

t  <rrt /wo*,  stiff,  fixed. 
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genus  Lepidesthes.  These  ambulacral  areas  exactly  resemble  the 
figures  of  the  American  Melonites  and  Oligoporus;  the  plates  are 
covered  with  granules  similar  to  those  of  the  interambulacral  areas. 
Some  of  the  interambulacral  plates  are  distinctly  overlapping ;  but 
in  this  character  different  plates  vary  very  much,  some  of  them 
showing  no  trace  of  it. 

The  thickness  of  the  plates  is  great,  being  about  equal  to  half  the 
exposed  surface  in  the  case  of  the  interambulacral  plates. 

Minute  spines  are  profusely  scattered  over  the  whole  surface  of 
the  specimen. 

This  fossil  is,  I  believe,  the  first  example  recorded  in  Britain  of 
that  group  of  Echini,  with  numerous  ranges  of  ambulacral  plates, 
represented  in  America  by  the  genera  Melonites,  Oligoporus,  and 
Lepidesthes. 

I  hope  soon  to  find  time  to  give  this  specimen  a  more  careful 
examination,  and  to  determine  its  affinities. 

EXPLANATION  OF  PLATE  HI. 

Fig.  1.  Perixhochmus  bUerialia  (M'Coy);  nat.  size.    The  overlapped  surface  of 
an  iDterambulacral  plate  is  exposed  at  x. 

2. .    Diagram  to  show  tne  method  of  overlapping  of  the  inter- 
ambulacral plates  from  the  central  range  outwards. 

3. ■ .    Diagram  to  show  the  method  of  overlapping  of  the  inter- 
ambulacral plates  from  pole  to  pole. 

4. .    Apical  disk  and  portion  of  corona,  enlarged  2  diameters. 

5. .    Secondary  spine,  enlarged  4  diameters. 

6.  RkoeckmuB  irregularis  f  Keeping),  nat.  size. 

7. .    Portion  of  fig.  6,  enlarged  2  diameters. 

8. .    An  interambulacral  plate,  enlarged.  ^ 

9.  PaJUtckmutiy)  intermedin*  (Keeping),  nat.  size. 

10. .    Interambulacraljplate,  snowing  its  bevelled  edges,  twice 

nat  size. 

11.  — .    Diagram  to  show  the  kind  of  overlapping  of  the  inter- 

ambulacral plates. 

12.  PaUechinus  gtgtu  {hLlCoj).    Professor  M'Coy's  figure. 
13. .    Corrected  figure. 

14.  Arckaocidarti  Urn  (Fleming),  nat.  size. 

15.  .    A  heptagons!  interambulacral  plate  of  the  same. 

16. .  Diagram  to  show  the  method  of  articulation  of  the  inter- 
ambulacral plates  from  pole  to  pole. 

17. .  Diagram  to  show  the  method  of  articulation  of  the  inter- 
ambulacral plates  from  the  central  range  outwards. 

18.  A  peculiar  ambulacral  plate  from  fig.  14,  enlarged. 

Discussion. 

Mr.  Ethertdge  remarked  that  the  genus  established  by  the  author 
in  this  paper  was  of  particular  interest  as  representing  an  American 
type,  and  it  was  of  great  importance  in  keeping  up  the  correlation 
of  the  geology  of  Europe  and  America.  He  then  commented  at 
some  length  on  the  differences  between  the  Palaeozoic  and  more 
modern  Echini.  The  type  with  flexible  tests  seemed  never  to  have 
become  extinct.  In  conclusion  he  expressed  his  approval  of  Mr. 
Keeping's  proposed  classification. 
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Prof.  DmrcAK  said  that  the  analogies  of  the  modern  Echini  with 
the  Palaeozoic  are  closer  than  is  commonly  imagined*  The  regular 
Echini  of  modern  times  do  not  always  preserve  the  same  number  of 
plates  in  the  ambulacral  areas  throughout.  In  modern  forms  the 
ambulacral  pores  run  in  straight  series ;  in  the  older  ones  they  are 
grouped  obliquely.  He  remarked  that  some  regular  Echini  have  the 
plates  jammed  up  and  broken  near  the  buccal  orifice,  so  that  if  found 
separately  their  origin  could  not  be  determined. 

Mr.  Kbepiko,  in  replying,  stated  that  he  had  received  great  assist- 
ance  from  the  paper  by  Mr.  It.  Etheridge,  jun.,  in  the  Quarterly 
Journal.  The  fossil  referred  to  as  in  the  Jermyn-Street  Museum 
had  the  ambulacral  and  interambulacral  plates  very  numerous ;  no 
such  form  had  hitherto  been  recorded  in  Britain.  He  did  not  think 
the  modern  flexible  Echini  were  like  the  Palaeozoic.  As  to  the 
presence  of  crowded  ambulacral  plates  in  recent  Echini,  this  was  a 
character  which  he  thought  did  not  affect  the  classification  now 
proposed. 
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3.  On  a  new  Modification  of  Ddtobaubiak  Vebtebbjb.     By  Prof. 
Owen,  C.B.,  F.R.S.,  F.G.8.,  &c.     (Read  November  17, 1875.) 

[Plates  IV.  &  V.] 

Ik  Dinosauria,  after  the  character  of  u  number  of  coalesced  vertebrae 
with  alternate  disposition  of  their  centrums  and  neural  arches  in  the 
sacrum,"  that  of  "  the  complex  development  of  the  neural  arch  with 
par-  and  diapophyses  in  antecedent  trunk- vertebrae  "  prevails ;  the 
modifications  of  the  articular  surfaces  of  the  centrums  are  less 
constant. 

Most  commonly  those  surfaces,  through  the  major  part  of  the 
spinal  column,  are  more  or  less  flattened,  the  deviation  from  flat- 
ness being  usually  toward  concavity  on  the  hinder  surface. 

In  this  modification  it  is  usual  to  find  a  few  vertebrae  at  the  fore 
part  of  the  column  with  such  concavity  deepened  to  a  cup  and  fitted 
to  a  ball  on  the  fore  end  of  the  next  centrum :  such  modification  is 
termed  "  opisthecoelian ;"  but  I  have  not  seen  any  example  of  a  Dino- 
saur in  which  it  prevailed  throughout  the  dorsal  region.  In  certain 
caudal  vertebra  the  deviation  from  flatness  is  toward  concavity  on 
both  articular  surfaces  of  the  centrum  ;  but  I  have  not  met  with 
any  instance  in  which  the  depth  was  such  (as  in  the  Ichthyosaurus 
e.g.)  as  to  merit  the  term  "  amphicoelous ;"  and  I  know  of  no  Dinosaur 
from  the  Lias  upwards  in  which  the  dorsal  vertebrae  are  so  modified. 
The  nearest  approach  is  made  by  the  vertebrae  of  the  phytophagous 
Dinosaurian  genera  Tapinocfphalus  and  Pareiasaurus ;  but  it  is  so 
far  from  the  true,  or  commonly  understood,  amphiccelian  character, 
that  I  venture  to  hope  the  Society  will  hold  me  justified  in  proposing 
another  term  for  such  vertebral  modification. 

Of  the  dorsal  series  of  vertebrae  in  Tapinocephalus  Athtrstonii,  Ow., 
the  subject  of  PL  IV.  is  a  type.  The  centrum,  2k  inches  in  length, 
is  5  inches  in  breadth,  and  4|  inches  in  height.  Both  articular  sur- 
faces deviate  from  flatness  by  a  feeble  concavity,  a  little  more  marked 
on  the  hinder  one. 

As  at  first  wrought  out  of  the  matrix,  which  the  petrified  bone 
closely  resembles  in  colour,  no  deviation  from  this  common  Dinosau- 
rian character  presented  itself;  and  when,  persisting  in  chiseling 
away  whatever  layer  was  doubtful,  the  defined  central  depression  (fig. 
1,  c)  came  into  view,  a  doubt  whether  it  was  natural  at  first  suggested 
itself.  Similar  thoroughness  in  exposing  the  veritable  bony  surface 
in  other  vertebrae,  however,  was  attended  with  the  same  result.  The 
small,  central,  subcircular  pit,  from  4  to  5  (rarely  6)  lines  in  diameter, 
was  repeated  in  each  case.  On  the  free  surface  of  the  anterior 
sacral,  as  on  that  of  the  posterior  of  four  anchylosed  sacrals  of  the 
Dinosaurian  type,  in  Tapinocephalus,  the  foramen  was  relatively 
larger  than  in  the  dorso-lumbar  series.  The  neural  arch  of  the 
above  fourth  sacrals  had  been  severed  by  fracture  from  an  anchy- 
losed fifth  sacral ;  but  the  intervertebral  space  of  the  centrums  had 
not  been  obliterated. 
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A  vertical  longitudinal  section  was  then  made  of  a  dorsal  centrum. 
A  fine,  dose,  cancellous  texture  prevailed,  more  compact  at  the  peri- 
phery, with  a  slight  enlargement  of  the  cancelli  toward  the  centre. 
The  central  pit  or  foramen  led  to  a  cylindrical  canal  6  lines  long, 
slightly  expanding,  and  then  rapidly  contracting  to  a  point  (PL  IV. 
fig.  1  a,  c')>  which  met  the  apex  of  the  opposite  cone  at  the  middle  of 
the  centrum.  Each  canal  had  admitted  the  original  mud  of  the  matrix 
to  near  the  base  of  the  cone ;  but  that  cavity  contained  crystals  of 
spar,  with  matrix  of  a  lighter  colour  than  the  rest.  Some  substance 
in  the  recent  carcass  had  resisted  further  entry  of  the  mud  until  the 
whole  had  hardened,  and  in  the  remaining  cavities  spar  had  slowly 
crystallized. 

In  developing  from  a  similar  almost  intractable  matrix  the  parts 
of  the  skeleton  of  another  genus  (Pareiasaurus,  Ow.)  of  phytopha- 
gous Dinosaur,  the  dorso-lumbar  vertebrae  of  a  species  (Par.  bom- 
bidens)  of  somewhat  smaller  size  than  Tapinocephalus  AthersUmii 
presented  centrums  proportionally  longer  to  their  breadth  and  height 
than  in  the  representative  of  the  latter  genus.  A  centrum  3 
inches  9  lines  in  breadth,  and  3  inches  4  lines  in  height,  has  a 
length  of  2  inches  8  lines  along  its  lower  part. 

The  articular  surface  of  the  centrum  is  subundulate,  convex  along  a 
fourth  of  the  periphery,  concave  at  the  centre,  feebly  so  at  both  parts, 
and  with  the  slight  convexity  continuing  from  the  upper  border  to 
near  the  centre.  The  appearance  of  any  pit  here  was  so  inappreci- 
able that  the  tentative  section  of  the  first  centrum  so  divided  was 
made  with  little  expectation  of  a  repetition  of  the  canalioulo-coni- 
cal  excavation.  There  it  was,  however  (PI.  V.  fig.  3,  c\  c') ;  its 
aperture  or  outlet  a  little  wider  relatively,  the  entering  canal  rather 
more  constricted,  the  terminal  cone  with  a  somewhat  dilated  base, 
and  an  interval  of  the  osseous  texture,  of  two  to  four  lines  extent, 
separating  the  apices.  Here  also,  the  canal  was  filled  by  matrix, 
the  cone  by  mixed  discoloured  matrix  and  spar. 

Save  as  regards  this  central  depression,  the  articular  surfaces  of 
the  Pareiasaurian  centrums,  like  those  of  Tapinocephalus,  would  be 
most  correctly  characterized  as  "amphiplatyan."  But  a  vertebra  of 
the  same  column  of  Pareiasaurus  bombidens,  of  somewhat  smaller 
size  (PI.  V.  figs.  4-7)  deepened  so  regularly  beyond  the  peripheral 
convexity  of  the  articular  surface  of  the  centrum  as  to  entitle  it  to 
be  characterized  as  "  amphico^lian.,,  From  this  character,  which, 
in  some  cases  is  approached  by  the  caudal  vertebrae  of  amphiplatyan 
columns,  I  was  at  first  disposed  to  view  this  vertebra  as  caudal, 
more  especially  as  the  lower  border  of  both  terminal  surfaces  was 
obliquely  bevelled  off,  the  anterior  one  (figs.  4  &  5,  hy)  in  a  great 
degree,  and  roughened  as  if  for  ligamentous  or  synchondrosal 
attachment  of  a  haem-  or  hypapophysis. 

But  with  the  foregoing  characters  were  associated  a  wide  neural 
canal  (ib.  fig.  6,  n),  a  parajrcphysis  near  the  lower  part  of  the  side 
of  the  centrum  (ib.  fig.  5,2>),  and  the  base  of  a  diapophysis  (d)  out- 
standing from  the  basal  part  of  the  neurapophysis  (np).  These  cha- 
racters determine  the  vertebra  to  be  cervical,  and  perhaps  the  an- 
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terior  one,  receiving  the  single  .occipital  condyle  by  the  somewhat 
deeper  anterior  concavity,  and  affording  the  snbtriangnlar  rough 
surface  (figs.  4  &  5,  hy)  for  the  attachment  of  an  atlan  to -occipital 
"  wedge-bone :"  the  smaller  hinder  surface  (fig.  5,  hy')  indicates 
a  second  smaller  "wedge-bone  "  in  the  neck  of  Pareiasaurus.  After 
securing  five  views  of  this  vertebra,  I  made  a  longitudinal  trans- 
verse section  of  the  centrum,  and,  with  the  finely  cancellous  texture, 
exposed  the  pair  of  conical  pits  (fig  7,  c1,  c').  The  initial  canal  is 
feebly  marked ;  the  excavation  is  chiefly  conical,  the  cones  wider 
and  shorter  than  in  the  succeeding  vertebrae,  and  their  apices  se- 
parated by  osseous  tissue  of  a  line  in  breadth. 

In  the  above  described  and  figured  unossified  tracts  of  the  middle 
of  the  centrum  in  Tapinocephalus  and  Pareiasaurus,  we  have  indica- 
tions of  a  persistent  trace  of  the  primitive  "  chorda  dorsalis."  In 
the  larger  Dinosaur  a  beaded  remnant  would  seem  to  traverse  some 
proportion  of  the  vertebral  column,  as  in  certain  fishes*.  It  is  a 
trace  of  a  lower  grade  of  vertebral  structure,  or  stage  of  develop- 
ment of  the  centrums,  and  is  interesting  as  being  associated  with  a 
Dinosaurian  type  of  probably  Triassic  age. 

It  recalls  the  more  widely  perforated,  still  less  ossified,  centrums 
of  the  vertebrae  of  Ganocephalous  reptiles  of  the  Carboniferous 
series,  represented  by  Parabatrachus,  Hylonomus,  Dendrerpeton,  &c, 
and  thus  strengthens  the  evidence  of  the  post-Iiassic  age  of  the 
Karroo  series  given  in  the  Quart.  Journ.  Geol.  Soc.  vol.  xxiii. 
p.  140. 

For  the  family  of  Dinosauria,  represented  by  the  genera  Tapino- 
cephalus and  Pareiasaurus,  I  have  proposed  the  name  Tretospon- 
dvlia. 

In  conclusion,  I  have  to  express  my  deep  obligations  to  the  late 
Andrew  Geddes  Bain,  F.G.S.,  and  to  my  friend  Dr.  Guibon  Ather- 
stone,  F.G.S.,  for  the  fossil  materials  from  Blinkwater  and  Gats 
Plaatz,  South  Africa,  from  which  have  been  derived  the  above- 
described  structures. 

EXPLANATION  OF  THE  PLATES. 
Plate  IV. 

Fig.  1.  Anterior  view  of  centrum,  and  anohjlosed  base  of  neural  arch  of  a  dorsal 
vertebra,  of  Tapinocephalus  Aihcrstonii,  Ow. 
la.  Outline  of  section  and  plane  of  the  articular  surface  of  the  centrum. 
2.  Side  riew  of  the  same  Yertebra. 

Plate  V. 

Fig.  3.  Longitudinal  and  vertical  section  of  a  dorsal  centrum  of  Pareiasaurus 
serridens. 

4.  Anterior  riew  of  centrum,  and  anchylosed  base  of  neural  arch,  of  a  cer- 

vical Yertebra  of  Pareiasaurus  bomoidens,  Ow. 

5.  Side  view  of  the  same  vertebra. 

6.  Upper  view  of  the  same  vertebra. 

7.  Longitudinal  and  transverse  section  of  the  centrum  of  the  same  ver- 

tebra.   (The  dotted  lines  show  the  lay  of  the  surface  as  wrought  out 
prior  to  the  section.) 

(All  the  figures  are  of  the  natural  size.) 

*  Scymnus,  Mugil,  e.  g., '  Anat.  of  Vertebrates/  8vo,  vol.  i.  pp.  32, 37,  fig,  31. 
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Discussion. 

Prof.  Shelby  wished  to  ask  the  author  whether  other  specimens 
gave  a  better  idea  of  these  Dinosaurs.  He  thought  that  the  Dino- 
sauria  and  the  Dicynodonts,  in  the  structure  of  the  pelvis  and  of  the 
fore  and  hind  limbs,  resembled  each  other  much  more  closely  than 
any  other  two  orders.  He  inquired  whether  this  evidence  did  not 
break  down  the  classifications!  value  of  the  Dinosauria.  The  aper- 
tures seemed  to  him  to  be  equivalent  to  the  hollows  in  the  vertebras 
of  birds,  which  are  connected  with  the  extension  of  the  respiratory 
system  throughout  the  body ;  and  thus,  as  they  occur  in  Dinosaurs 
and  in  Pterodactyles,  they  seem  to  aid  in  breaking  down  the  de- 
markation  between  these  groups.  He  also  thought  that  he  had 
observed  the  same  structure  in  Dicynodonts.  The  specimens  de- 
scribed by  Prof.  Owen  appeared  to  him  to  open  up  some  very  broad 
philosophical  questions. 

Prof.  Owen  said  : — "The  'Philosophical  Transactions '  (1862),  it 
is  true,  show  that  a  Dicynodont  had  a  sacrum  of  several  vertebras, 
as  in  the  Dinosaurs.  The  structure  of  the  hind  limbs  of  Dicynodonts 
is  not  known ;  but  that  of  the  fore  limbs  shows  a  humerus  perforated 
above  the  inner  condyle,  and  three-jointed  digits,  save  the  pollex, 
which  has  two  joints,  in  their  pentadactyle  fore  paw.  Besides  this 
difference  from  Dinosaurs,  the  premaxillarios  are  confluent  as  one 
bone,  with  an  edentulous  trenchant  border,  evident  .y,  like  the  cor- 
responding border  of  the  edentulous  lower  jaw,  sheathed  with  a 
beak-like  substance.  The  Dicynodonts  in  their  pair  of  long  upper 
tusks,  and  the  Oudenodonts  in  their  toothless  jaws,  further  differ 
from  Dinosaurs ;  and  both  agree  in  having  vertebras  cupped  as  in 
Ichthyosaurus,  a  character  which  no  Dinosaur  of  Liassic  and  later  age 
presents.  The  ordinal  terms  Dinosauria,  Anomodontia,  Pterosauria, 
CrocodUia,  so  long  as  they  are  expressive  of  distinctive  characters  of 
the  groups  of  Eeptilia  so  associated,  are  useful  instruments  in  gaining 
farther  knowledge  of  the  class.  To  extend  any  one  of  those  terms 
to  another  group  which  may  have  a  single  character,  added  to  those 
of  class,  in  common  with  another,  is  to  cast  away  the  advantage  of 
an  ordinal  term  significant  of  actual  knowledge  of  a  sum  of  charac- 
ters." He  added  that  no  Dicynodont,  Oudenodont,  or  Endothiodont 
species  of  the  order  Anomodontia  has  hitherto  been  found  in  strata 
unquestionably  so  recent  as  those  that  have  yielded  species  of  Dino- 
sauria, other  than  Ketospondylian. 
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4.  On  some  New  Macbubous  Crustacea  from  the  Kikmebidos 
Clat  of  the  SuB-WsALDBir  Bobuto,  Sttssex,  and  from  Boulogice- 
sttb-mbk.  By  Hewbt  Woodwabd,  Esq.,  F.R.S.,  F.G.S.,  of  the 
British  Museum,    (Bead  November  3, 1875.) 

[Plats  VI.] 

It  has  always  appeared  to  me  to  be  a  point  of  special  interest  to 
geologists  to  record  those  forms  found  in  a  fossil  state  which  have  a 
considerable  vertical  range,  and  yet  belong  to  genera  existing  at  the 
present  day.  Among  higher  groups  now  living,  we  find  the  vertical 
range  exceedingly  small ;  but  when  we  examine  the  Invertebrata, 
we  meet  with  such  genera  as  Linguta,  Pentaerinus,  and  Limulus 
having  an  extremely  high  antiquity ;  but  the  higher  forms  of  these 
types  follow  precisely  the  same  general  law,  having  a  much  more 
restricted  range  in  time  than  the  lower  and  humbler  genera. 

One  of  the  Crustacea  about  to  be  described  by  me  belongs  to  a 
very  interesting  group,  the  family  of  the  Thalassinidse. 

Most  if  not  all  of  the  members  of  this  family  are  fossorial  in  their 
habits,  burrowing  in  the  sand  or  mud  with  great  rapidity  and  remain- 
ing concealed  in  their  burrows,  save  their  large  claws,  which  have  in 
many  instances  been  caught  and  devoured  by  fishes,  or  have  been  cut 
off  by  the  dredge,  whilst  the  animal  itself  in  its  burrow  escaped. 

Of  living  British  representatives  we  have  four  genera  : — 

1.  CaUianassa,  Leach  (1  species)  :   C.  subterranea,  Leach. 

2.  Gdria,  Leach  (2  species) :  G.  stellata,  Leach ;  G.  deltura,  Leach. 

3.  Ascitis,  Leach  (1  species)  :  A.  stirhynckus,  Leach. 

4.  Calocaris,  Bell  (1  species) :   C.  Macandreas,  BelL 

Formerly  only  one  fossil  species  of  this  remarkable  group  of  bur- 
rowing Crustaceans  was  known,  the  CaUianassa  (Pagurus)  Faujasii, 
from  the  uppermost  Chalk  of  Maestricht,  first  noticed  in  an  admi- 
rable work  by  Faujas-Saint-Fond  entitled  « Histoire  Naturelle  de 
la  Montagne  de  St.-Pierre,  Maestricht,'  1799  (p.  179,  pi.  32.  figs. 
5  &  6),  and  subsequently  described  by  Desmarest  in  1822*,  and  by 
Kdnig  in  1823f. 

Another  species  was  added  in  1845,  by  Otto  J  from  the  Green- 
sand  §  of  Triebitz  in  Bohemia  and  Kieslingswalde  Glatz,  Silesia,  and 
named  by  him  CaUionassa  antiqua. 

In  1867  DrFritsch  of  Prague  added  five  new  species  from  the 
Chalk  of  Bohemia||,  namely  (7.  Turtia,  C.  bohemica,  C.  brevis,  C. 
elongata,  and  C.  gracilis. 

*  Brongniart  et  Deemarett,  Hut  Nat.  des  Crustacea,  Park,  1322,  4to,  p.  127, 
pi.  11,  fig.  2. 

t  Kdnig.  Icones  Foes.  Sect  (Lond.  1823)  Centuria  1.  p.  2,  pL  2.  fig.  20. 

1  Otto  in  H.  B.  Geinitaa  Grundriss  der  Verstein.  p.  211,  pi.  8.  figs.  12  &  13 
(Dresden,  1846^. 

§  "  Greenland  "  =  oberer  Qnadersandstein  =  IT.  Cretaeeoue. 

|  Ueber  die  Callianaasen  der  bohmischen  Kreideformation  (Prag,  1867), 
tabe.l&2. 
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In  1868  I  called  attention  to  two  new  species  of  Callianassa  at 
the  Norwich  Meeting  of  the  British  Association* — one,  the  Callia- 
nassa neocomiensis,  from  the  Greensand  of  Colin  Olen  near  Belfast, 
the  other,  C.  Batsi,  from  the  Upper  Marine  series  (Eocene),  Hemp- 
stead, Isle  of  Wight. 

I  have  now,  hy  the  kindness  of  Mr.  Henry  Willett,  F.G.S.,  and 
the  Committee  of  the  Sub-Wealden  Exploration,  been  favoured  with 
portions  of  cores  from  the  boring  obtained  at  a  depth  of  1057  feet, 
containing,  besides  the  fore  limbs  of  a  small  macrurous  Crus- 
tacean, to  be  presently  described,  three  or  four  more  or  less  perfect 
examples  of  a  new  species  of  Callianassa,  and  the  oldest  hitherto 
known  of  this  remarkable  type  of  fossorial  Crustaceans  (PL  YI. 
figs.  1  &  2). 

The  fossil,  which  measures  about  42  mm.  in  length,  is  seen  in 
profile  on  several  sections  of  cores,  and  indicates  the  horizontality 
of  the  beds  penetrated.  The  parts  of  the  fossil  are  all  in  situ,  save 
the  carapace,  which  has  been  displaced  in  each  case. 

The  first  pair  of  feet,  which  are  longer  than  the  entire  body,  have 
the  penultimate  joint,  or  manus,  enormously  developed  (measuring 
7  lines  in  length) ;  the  wrist  is  quadrate,  broader  than  it  is  long ; 
it  decreases  greatly  in  size  from  its  broad  articulation  with  the 
manus  to  its  narrow  proximal  end,  where  it  joins  the  arm  (or 
"  meros  "),  which  is  short  and  strongly  curved,  and  is  united  by  two 
very  small  and  extremely  slender  joints  (the  "  ischium"  and  "  basos  ") 
to  the  cephalothorax. 

The  hands  of  the  fore  limbs  are  more  equal  in  size  than  in  the 
living  species  of  Callianassa ;  but  in  other  genera  of  Thalassinid©, 
as  for  instance  in  Axius,  the  inequality  is  less  marked.  In  the 
Eocene  and  Cretaceous  species  (already  referred  to)  the  disparity  in 
the  relative  size  of  the  hands  is  also  somewhat  diminished  as  com- 
pared with  existing  species.  I  am  therefore  not  disposed  to  lay  much 
stress  upon  this  point. 

The  feet  of  the  second  pair  are  also  didactyle ;  and  the  extremities  of 
all  the  four  pairs  of  smaller  limbs  are  somewhat  flattened  and  ex- 
panded, to  assist  in  digging. 

The  carapace  and  the  segments  of  the  abdomen  are  smooth ;  the 
latter  are  somewhat  quadrate  in  profile,  not  pointed ;  and  the  shelly 
covering  of  both  is  extremely  thin,  as  in  all  the  forms  which  habi- 
tually conceal  themselves  in  foreign  bodies — a  peculiarity  developed 
in  the  highest  degree  in  the  Paguridae.  The  segments  of  the  abdo- 
men contract  somewhat  at  each  extremity  as  in  other  Callianassa ; 
and  the  caudal  plates  are  oval. 

I  propose  to  designate  this  new  species  Callianassa  isochela. 

2.  Mecochtbus  Pettoni,  sp.  nov.     PL  VI.  fig.  3. 

Kimmeridge  Clay,  Boulogne-sur-mer,  and  Sub-Wealden  boring. 

I  should  have  hesitated  to  describe  the  fossil  maoruran  repre- 
sented by  the  two  small  fore  limbs  preserved  in  one  of  the  cores  for- 

*  Brit  Assoc  Report,  Norwich,  1868,  p.  72,  pL  ii.  figs.  4  &  5. 
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warded  to  me  for  examination  by  Mr.  Henry  Willett,  F.G.S.,  had 
not  my  friend,  Mr.  John  E.  H.  Peyton,  F.G.S.,  of  St  Leonards  (who 
has  deroted  mnch  attention  to  the  question  of  the  true  geological 
horizon  of  the  Sub-  Wealden  boring)  gone  over  to  Boulogne-sur-mer 
in  September  1873,  to  examine  the  Kimmeridge  Clay  of  that  locality, 
where  he  not  only  obtained  several  specimens  of  Lingula  ovalis,  Sow. 
(new  to  that  locality),  but  also  a  small  but  nearly  perfect  example  of 
a  Crustacean  referable  to  the  genus  Mecochirus. 

This  genus  (like  CaUianassa)  early  attracted  the  notice  of  geo- 
logical writers.  It  was  first  described  as  a  "  Locust "  by  Knorr  in 
1755,  then  as  an  Astaeus  by  Bajer  in  1757,  as  a  Macrourites  by 
Schlotheim  in  1820,  and  as  a  Palcemon  by  Kriiger  in  1823  <fc  1825. 
It  was  not,  however,  correctly  defined  and  separated  from  other  genera 
until  1827  (by  Germar,  in  Keferstein's  Deutschl.  Bd.  iv.  p.  102),  since 
when  it  has  been  repeatedly  noticed  and  the  species  figured  by  Holl, 
Bronn,  Minister,  Mayer,  Pearce,  Quenstedt,  M'Coy,  Pictet,  Oppel, 
and  others. 

The  oldest  species  is  the  Mecochirus  olifex,  Quenstedt,  from  the 
Lower  lias  of  Dusslingen,  near  Tubingen,  "Wurttemberg*. 

Next  in  ascending  order  is  the  Mecochirus  ( Cancrinium)  social  is, 
of  Meyer  (1841)  from  the  Kelloway  group,  Wurttemberg  and  Nor- 
mandy. 

To  this  species  (Mecochirus  socialis,  Meyer,  sp.)  Br.  Albert  Oppel 
has  referred  the  Mecochirus  (Ammonicolax)  Pearcei,  from  the  Oxford 
Clay  of  Christian  Malford,  near  Chippenham,  Wilts,  which  he  con- 
aiders  a  part  of  the  Kelloway  group. 

I  have  not  had  the  good  fortune  to  see  a  specimen  of  Meyer's  M. 
socialis ;  but,  comparing  his  figures  of  that  species  with  specimens  of 
M.  Pearcei  in  the  British  Museum  (from  the  collection  of  Mr. 
William  Cunnington,  F.G.S.),  and  with  other  specimens  obtained  di- 
rect from  Mr.  William  Buy  (late  of  Sutton  near  Chippenham),  I 
am  satisfied  the  specimens  from  Wiltshire  should  still  be  retained  as 
belonging  to  a  distinct  species  as  established  by  M'Coy  in  1849 
(Ann.  &  Mag.  Nat.  Hist,  series  2,  vol.  iv.  p.  172). 

The  remaining  four  species  of  Mecochirus,  namely  M.  longimanus, 
Schloth.,  M.  Bajeriy  Germ.,  M.  brevimanus.  Miinst.,  and  M.  dubius, 
Miinst.,  are  from  the  lithographic  stone  of  Solenhofen,  Bavaria. 

like  other  species  of  this  remarkable  genus,  the  fore  limbs  of 
Mecochirus  Peytoni  are  equal  to  the  length  of  the  entire  body.  They 
measure  75  millims.  in  length,  of  which  the  terminal  joint  (dactylus) 
measures  18,  the  propodos  30,  the  carpus  5,  the  meros  18,  and  the 
ischium  and  basos  4  millims.  The  surface  of  the  fore  legs  is  very 
finely  punctate. 

The  carapace,  which  is  finely  granulated,  measures  30  millims 
from  the  rostrum  to  the  posterior  border,  and  14  millims.  in  depth 
from  the  mesial  dorsal  line  to  the  lower  margin  of  the  branchial 
region.     The  rostrum  is  somewhat  produced. 

The  antennae  are  not  well  preserved,  but  are  long  and  slender. 

*  Wiirttemb.  naturw.  Jahreeh.  1850,  Bd.  yi.  p.  186 ;  Quenstedt,  der  Jura, 
1856,  p.  89,  tab.  2.  fig.  17. 
Q.  J.  G.  S.  No.  125.  b 
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The  abdominal  segments  are  45  millims.  in  length  and  abont  10  mil- 
lims  in  depth  (their  epimeral  borders  are  falcate)  ;  they  are  about 
6  millims.  in  length  each,  and  the  caudal  segment  about  9  millims. 

The  smaller  feet  are  not  very  clearly  seen ;  but  they  measure 
about  25  millims.  in  length. 

I  believe  the  two  fore  limbs  (PI.  VI.  fig.  4)  from  the  Sub-Wealden 
boring,  though  imperfect,  may  be  referred  to  the  same  Bpecies,  M. 
Peytoni ;  and  in  examining  one  of  the  specimens  I  was  delighted  to 
observe  that  it  was  associated  (like  that  from  Boulogne)  with  Lingula 
avails,  Sow. 

In  size  this  species  is  intermediate  between  Mecochirus  sodalis, 
Meyer,  sp.,  and  M.  Pearcei,  M'Coy,  being  about  130  millims.,  the 
former  being  60  millims.  in  total  length  (or  less  than  half  the  size 
of  M,  Peytoni),  the  latter  being  175  millims.  long,  and  robust  in 
proportion. 

EXPLANATION  OF  PLATE  VL 

Fig.  1.  A  nearly  entire  specimen  of  CaUianassa  isochela,  sp.  nor. 

2.  CaUianassa  isochela,  sp.  no  v.     Another  specimen,  showing  the  caudal 

series  Tery  well  preserved.     (Both  figures  twice  nat  size.)    From  the 
Kimmeridge  Clay  of  the  Sub-Wealden  boring,  near  Battle,  Sussex. 

3.  Mecochirus  Peytoni,  sp.  nor.     From  the  Kimmeridge  Clay,  Boulogne- 

sur-mer.  associated  with  Lingula  ovalis  in  the  cliff-section ;  nat.  sue. 

4.  Hands  of  M.  Peytoni.   From  the  Kimmeridge  Clay ,  Sub- Wealden  boring, 

near  Battle,  Sussex ;  nat.  size. 


Digitized  by  VjOOQ IC 


Quart .  Journ .  Ceol .  Soc  Vol.  XXXII  PI  VI 


2. 


X2 


v^v      X      , 


C^Grw>«Wh 


MmlernBroe  imp 


NEW   KIMMERIDGE   CLAY     CRUSTACEA^ 

Digitized  by  LiOOgle 


Digitized  by  VjOOQ IC 


H.  WOODWABB  02?  A  CBAB  FBOM  THE  27EW- ZEALAND  TERTIARY.       51 


5.  On  a  new  Fossil  CRksfrom  the  Tertiabt  of  New  Zealand,  collected 
by  Dr.  Hector,  F.R.S.,  F.G.S.,  Director  of  the  Geological  Survey 
of  New  Zealand.  By  Henby  Woodwaed,  Esq.,  F.E.S.,  F.G.S., 
of  the  British  Museum.  With  a  Note  by  Dr.  Hectob.  (Bead 
November  3,  1875.) 

[Plate  VII.] 

The  fine  fossil  Crab  which  I  have  now  the  pleasure  to  describe  was 
obtained  by  my  friend  Dr.  Hector,  F.E.S.,  F.G.S.,  from  the  "  passage- 
beds,"  Ototara  series,  "Woodpecker  Bay,  Brighton,  north-west  coast 
of  the  South  Island,  New  Zealand,  considered  by  him  to  be  pro- 
bably equivalent  in  position  to  the  very  lowest  Eocene,  or  the 
uppermost  Cretaceous  of  Europe. 

I  have  compared  it  with  the  various  genera  of  fossil  Crabs  with 
which  I  am  acquainted,  and  am  of  opinion  that  its  nearest  alliance  is 
with  the  genus  Harpactocarcinus  of  Alphonse  Milne-Edwards*,  from 
the  Nummulitic  series  of  France,  Spain,  and  Italy.  Of  this  genus 
Alphonse  Milne-Edwards  has  described  the  following  six  species, 
namely: — 

Harpactocarcinus,  Alph.  Milne-Ed w. 

1.  punctulatus,  Deem.    M.  Eocene,  Barcelona  and  N.  Italy. 

2.  macrodaetylus,  A.  M.-Edw.    „  „  „ 

3.  rotundatus,  A.  M.-Edw.         „  „  „ 

4.  ovalis,  A.  M.-Edw.  „  „  „ 

5.  Souverbiei,  A.  M.-Edw.  „         Dax,  S.W.  of  France. 

6.  quadrilobatus,  Desm.  „         Dax;  Perpignan;  and  Vicentin, 

N.  Italy. 

Of  the  above  species  the  specimen  from  New  Zealand  most  nearly 
approaches  to  H.  quadrilobatus,  Desm.,  in  general  proportions ;  but 
the  carapace  of  the  New-Zealand  crab  is  much  more  tumid,  and  the 
relative  proportions  between  the  depth  of  the  anterior  and  posterior 
halves  of  the  carapace  differ  considerably.  Thus,  if  an  imaginary 
line  be  drawn  transversely  across  each  carapace  from  the  epibranchial 
spine  on  the  lateral  border  of  each,  we  shall  find  the  proportions  to 
be  as  under : — 

Depth  of  Depth  of 

anterior  half .  posterior  half. 

Harpactocarcinus  quadrilobatus 29  46 

„  new  species    35  40 

The  carapace  of  the  New-Zealand  crab  is  83  millims.  broad  and  73 
millims.  in   depth  from  the  rostrum  to  the  posterior  border.     If 
measured  along  the  curve  of  the  carapace,  the  depth  is  83  millims. ; 
but,  owing  to  the  curvature  of  the  carapace  this  is  less  apparent. 
The  carapace  is  remarkably  tumid,  especially  on  the  branchial 

*  Alph.  Milne-Edwards,  Hist.  Crust  Podophth.  fbssiles,  1861-65.    Family 
of  Canoeridie,  pp.  196-207. 
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and  gastric  regions ;  the  surface  of  the  posterior  half  of  the  carapace 
is  very  finely  granulated ;  hut  the  anterior  half  is  nearly  smooth.  The 
rostrum  is  short  and  bicuspid,  as  in  other  Harpactocarcini ;  the  orbits 
are  shallow  and  rounded ;  the  space  between  the  orbits  measures 
15  millims. 

The  hepatic  margin,  at  first  partially  obscured  by  matrix,  now 
presents  a  nearly  smoothly  rounded  border,  a  blunt  and  rounded 
denticle  marking  the  lateral  angles  of  the  epibranchial  border,  as  in 
H.  qtiadrilobatus. 

The  divisions  between  the  branchial,  cardiac,  and  gastric  regions 
are  faintly  indicated  by  a  shallow  undulation  of  the  surface  of  the 
carapace,  and  a  slightly  roughened  and  incised  line  of  short  oblique 
markings  on  the  sides  of  the  gastric  intumescence. 

The  external  jaw-feet,  or  maxillipeds,  are  well  preserved*.  The 
endopodite  is  broad  and  straight-sided,  and  divided  by  a  suture  near 
its  anterior  third  ;  the  surface  is  marked  by  a  longitudinal  furrow  ; 
the  exopodite  is  straight  and  narrow :  both  take  their  rise  from  a 
common  basal  joint. 

The  chelae,  or  first  pair  of  true  limbs,  are  robust  and,  as  is  com- 
monly the  case  among  the  Canceridae,  very  unequal  in  size,  the  right 
being  considerably  larger  than  the  left  hand. 

The  ischium  measures  8  millims.  in  length,  the  arm  31  millims.  ; 
these,  with  the  short  basal  joint,  are  concealed  beneath  the  carapace  ; 
the  carpus  is  a  short  strong  joint  26  millims.  long,  and  having  its  distal 
end  broadest  (measuring  30  millims.)  and  armed  at  each  angle  with 
a  stout  short  spine.  Its  proximal  end  contracts  greatly  at  its  articu- 
lation with  the  arm,  giving  it  a  triangular  form.  The  length  of  the 
larger  hand  is  65  millims.,  breadth  30  ;  length  of  the  smaller  hand 
53  millims.,  breadth  21.  The  chelate  ends  of  the  limbs  are  consider- 
ably recurved,  as  in  other  Canceridae. 

The  abdomen  has  nearly  all  flaked  off;  but  a  sufficient  portion 
remains  attached  to  the  plastrosternum  to  show  that  the  fossil  crab 
was  a  female.  In  general  form  the  plates  of  the  plastrosternum 
agree  with  those  of  Harpactocarcinus.  The  four  pairs  of  simple  mono- 
dactylous  feet  are  broken  off  short,  but  they  present  no  characters 
dissimilar  to  those  of  other  Cancerines. 

I  propose  to  name  this  interesting  fossil  Harpactocarcinus  tumidus. 

The  presence  of  this  Crab  alone  would  sufficiently  attest  the  near- 
shore  character  of  this  deposit  at  Woodpecker  Bay;  but,  besides 
another  specimen  of  Harpactocarcinus  tumidus  obtained  from  this 
deposit,  a  number  of  portions  of  chelae  of  other  Cancerine  claws,  with 
remains  of  an  extinct  gigantic  Penguin,  attest  the  correctness  of  this 
opinion. 

For  the  present,  however,  I  will  refrain  from  generalizing  on  the 
exact  horizon  of  thi9  fossil  from  New  Zealand  as  compared  with  the 
beds  containing  Harpactocarcini  in  Europe;  but  Dr.  Hector  has 
added  a  few  remarks  to  my  paper ;  and  as  he  has  visited  the  locality 

*  The  entire  underside  has  been  carefully  worked  out  by  Mr.  Barlow,  the 
intelligent  and  able  mason  attached  to  the  geological  department  of  the  British 
Museum. 
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and  also  obtained  this  and  many  other  fossils  therefrom,  and  worked 
oat  the  geology  of  the  district,  I  leave  him  to  notice  the  geological 
facts  of  the  case. 


Note  by  Dr.  Hector. 

The  locality  where  both  the  specimens  of  this  fossil  were  obtained 
is  a  small  bay  on  the  exposed  west  coast  of  the  South  Island,  where 
the  shelter  of  the  Seal-rocks  affords  a  precarious  landing-place  for 
supplying  stores  to  the  gold-miners  around  Brighton.  Northwards 
the  coast  is  formed  of  granite  for  many  miles ;  but  the  crystalline 
rocks  at  this  place  disappear  under  Upper  Mesozoic  and  Lower 
Tertiary  formations,  which  form  the  coast  range,  and^expand  south- 
wards to  a  width  of  15  miles,  covering  the  important  area  of  the 
Grey-River  Coal-field. 

The  Seal-rocks  belong  to  the  upper  part  of  the  formations  re- 
ferred to,  representing  on  the  west  coast  the  Ototara  group  of  the 
north-east  of  Otago  Province,  a  formation  which  is  widely  distributed 
throughout  New  Zealand,  and  nowhere,  so  far  as  I  have  seen,  passes 
into  the  Tertiary  strata  of  later  date. 

The  Ototara  group  was  referred  to  by  Profs.  E.  Forbes  and  Ru- 
pert Jones*,  who  from  fossils  collected  by  Mr.  Walter  Mantell, 
considered  it  to  possess  mixed  characters  of  the  Upper  Cretaceous 
and  Eocene  periods  of  Europe. 

In  the  same  formation  Prof.  Huxley,  from  a  single  bone  brought 
also  by  Mr.  Mantell,  determined  the  former  existence  of  a  gigantic 
Penguin  (PalceeudyjpUs  antarcticuff) ;  and  it  is  worthy  of  remark 
that  not  only  have  farther  remains  of  the  skeleton  of  that  bird  been 
obtained  in  the  Calcareous  Sandstone  at  Ototara,  but  that  a  large 
part  of  a  skeleton  was  extracted  from  the  same  stratum  in  the  Seal- 
rocks  with  the  first-found  specimen  of  the  Crustacean  under  notice, 
thus  satisfactorily  correlating  the  formations  on  the  opposite  sides  of 
the  island  J.  Concerning  the  palaBontological  value  of  these  Penguin 
remains  Prof.  Huxley  makes  the  following  important  observations : — 

44  Whatever  be  the  precise  age  of  the  fossil,  it  is  not  a  little  re- 
markable to  find  in  strata  of  such  antiquity  the  remains  of  a  bird 
the  whole  of  whose  congeners  are  at  present  absolutely  confined  to 
the  southern  hemisphere,  and  therefore,  in  a  broad  sense,  to  the 
same  great  distributional  area.  If  the  strata  be  of  Pliocene  age, 
the  fact  is  in  accordance  with  the  relations  which  have  been  observed 
between  the  recent  and  Pliocene  faunae  of  the  Northern  Hemisphere. 
On  the  other  hand,  the  little  that  is  at  present  known  respecting  the 
distribution  of  Birds  in  time  is  not  inconsistent  with  the  ascription 
of  a  far  higher  antiquity  to  a  genus  as  closely  allied  as  Palceeudyptes 
to  those  which  now  exist "  (I.  c.  p.  675). 

The  Ototara  formation  has,  since  the  above  was  written,  been  ex- 
amined in  most  distant  parts  of  New  Zealand ;  and  though  it  varies 
in  mineral  aspect,  it  always  maintains,  at  least  in  its  upper  part,  the 

*  Quart.  Journ.  GeoL  Soc  toL  vi.  p.  329, 1860.       \.lbid.  vol.  xt.  p.  672, 1869. 
}  Hector,  Trans.  New-ZeaL  Inst.  vol.  iv.  p.  341. 
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character  of  a  littoral  or  shallow-water  calcareo-arenaceous  deposit, 
rich  in  distinctive  fossils  associated  with  other  forms  that  are  com- 
mon in  the  underlying  formations.  The  stratigraphical  position  of 
the  Ototara  group,  as  the  upper  part  of  what  for  convenience  of 
mapping,  I  have  termed  the  Cretaceo-Tertiary  formation,  is  shown 
in  the  following  general  schedule,  in  which  the  local  names  and  sub- 
divisions used  in  surveying  have  been  suppressed,  and  a  comparison 
attempted  with  European  formations : — 


formation. 

(       X  Beoent  and  Postpliooene. 
IT.  Upper  Pliocene. 


Physical  Character. 

a.  Fluviatile  and  littoral  1    *, 
Flirviatile,  extended  glaciers,  y      .   , 
Fluviatile,  oldest  gold-drift.  J  ?enoa» 

b.  Marine,  craglike  and  conglomerates. 

a.  Marine,  argillaceous,  concretionary. 
Marine,  arenaceous,  concretionary. 
Marine  calcareous. 

b,  Estuarine  lignitiferous. 
fa.  Ototara  group — calcareous  sandstone. 

b.  Chalk  ana  raarL 

a.  Marine,  ferruginous  clays  and  green- 
sands. 

b.  Estuarine,  gravels  and  hydrous  brown 
coal;  chief  Saurian  beds. 

a.  Fluviatile   grits  and   conglomerates; 
anhydrous  brown  coal. 

b.  Marine,  grits,  green  and  grey  sand- 
n  i                                                       i  stone. 

§  '        X.  Jurassic.  Green  sandstone  and  shales,  with  thin 

£3  coal,  Pecopteris,  Taniopteris,  &c 

XX  Liassic  Bed  and  blue  marlstones. 

k  XXL  Trias.  I  Conglomerates  and  shales,  plant-beds. 

About  320  specimens  of  fossil  Mollusca  and  Echinodermata  have 
been  described  from  the  first  seven  of  the  foregoing  divisions,  the 
collections  having  been  made  from  90  different  localities* ;  and  I 
have  prepared  the  following  Table  to  show  the  actual  number  of 
recent  and  extinct  species,  comparing  the  recent  fauna  with  the 
Upper,  Middle,  and  Lower  Tertiary  and  Cretaceo-Tertiary  forma- 
tions, omitting  those  which  are  of  doubtful  specific  identity  or 
stratigraphical-  position . 


1XL  Older  Pliocene. 
IT.  Upper  Miocene. 
V.  Lower  Miocene. 
VL  Upper  Eocene. 


VII.  Cretaceo-Tertiary. 
VIII.  Middle  Cretaceous. 


'    EL  Lower  Cretaceous. 


H 


Univalves. 

Bivalves. 

Brachio- 
pods. 

Echino- 
derms. 

Totals. 

Formations. 

R 

Ex. 

B. 

Ex. 

B. 

Ex. 

B. 

Ex. 

B. 

Ex. 

Recent 

285 

67 

30 

7 

0 

14 

60 
28 
13 

87 

134 

45 

22 

4 

0 

9 
33 

46 
28 

71 

9 
6 
2 
2 

"6 
3 
8 
9 

10 

26 
3 
1 

1 
0 

"6 
3 
7 

20 

26 

454 

120 

55 

14 

23 
109 

89 
70 

194 

IX  IIX    

IV.  V 

VI 

VII 

Extinct    species, 

n.-vn 

*  Catalogue  of  Tertiary  Fossils  in  the  CoL  Museum,  by  F.  W.  Hutton,  Assist. 
Geologist.    New  Zealand,  1873. 
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Prom  the  oomparison  which  this  Table  affords  with  the  receat 
fauna  of  the  same  area,  the  Otatara  formation  would  seem  to  have 
no  claim  to  a  place  among  Eocene  formations.  This  is  confirmed  by 
the  occurrence  of  a  few  fossils  of  decidedly  Cretaceous  type,  such  as 
Saurian  forms  and  fragments  of  the  shell  of  Inoeeramut,  and  the  pre- 
sence of  many  forms  that  are  associated  with  decided  Mesozoic  fossila 
in  the  underlying  strata.  On  the  other  hand,  the  occurrence  of 
decidedly  Tertiary  fossils  (among  which  is  Nautilus  ziczac,  or  a  closely 
allied  form),  the  gigantic  Penguin  bones,  and  the  recent  discovery 
of  the  bones  of  a  Turtle,  also  from  the  Seal-rocks,  indicate  a  fauna 
not  dissimilar  to  that  at  present  existing  in  adjoining  areas  to  the 
north  and  south;  so  that  any  additional  evidence  bearing  on  this 
matter,  such  as  is  afforded  by  Mr.  Woodward's  determination  of  the 
affinities  of  this  Crustacean,  is  an  important  contribution  to  New- 
Zealand  palaeontology. 

The  accompanying  section  (p.  54)  explains  the  general  sequence  of 
the  formations  referred  to  in  the  foregoing  paper  on  the  west  coast 
of  the  South  Island,  from  Brighton  to  the  Alps. 

EXPLANATION  OP  PLATE  VET. 
Harpaetocarcinus  tumid**,  H.  Woodw.    Three  fourths  nat  sute. 

Fig.  1.  TJpperside  of  carapace. 
2.  Underside  of  carapace. 

The  specimen  is  preferred  in  the  British  Museum. 
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6.  On  the  Discovert  of  a  Fossil  Scorpion  in  (he  British  Coal- 
Mbasttrss.  By  Hejcry  Woodward,  Esq.,  F.R.S.,  F.G.S.,  of  the 
British  Museum.     (Bead  November  3,  1875.) 

[Platb  VIII.] 

The  paucity  of  the  remains  of  any  class  of  terrestrial  air-breathing 
animals  preserved  in  a  fossil  state,  has  given  to  such  organisms  a 
special  interest  in  the  eyes  of  geologists,  not  only  as  marking  the 
probable  position  of  old  land-surfaces,  bat  also  as  giving  us  some 
slight  indication  of  the  climatal  and  zoological  conditions  of  this, 
to  us,  otherwise  terra  incognita. 

But  this  interest  is  greatly  enhanced  when  such  remains  occur 
in  strata  of  palaeozoic  age,  in  which  evidences  of  land-dwelling 
animals  are  extremely  rare.  Indeed,  but  for  our  palaeozoic  coal- 
strata,  we  should  have  little  left,  save  evidences  of  marine  life,  older 
than  the  Trias. 

I  have  now  the  pleasure  of  announcing  the  discovery,  in  two  dis- 
tinct localities  in  England,  of  the  remains  of  a  fossil  Scorpion  in 
strata  of  Coal-measure  age,  and  possibly  in  a  third  locality  in 
Scotland. 

So  long  ago  as  1835,  Count  Sternberg  published  the  discovery  of 
a  remarkable  fossil  Scorpion  in  the  Coal  formation  at  the  village 
of  Chomle,  near  Radnitz,  Bohemia,  afterwards  named  and  described 
by  Corda  as  Cyclophthalmus  senior  (Corda  in  '  Bohmischen  Verhand- 
hmgen/  1836,  and  <  Wiegmann's  Archiv/  1836,  ii.  p.  360). 

This  is  the  first  authentic  record  of  an  Arachnide  in  the  Coal- 
measures.  It  has  been  figured  in  the  '  Transactions  of  the  Royal 
Bohemian  Museum ; '  and  these  figures  were  reproduced  by  the  late 
Dr.  Buckland  in  his  '  Geology  and  Mineralogy '  (1836,  plate  46' 
and  46".  fig.  13). 

"  This  fossil  Scorpion,"  writes  Buckland,  "  differs  from  existing 
species  less  in  general  structure  than  in  the  position  of  the  eyes. 
In  the  latter  respect  it  approaches  nearest  to  the  genus  Androctonus, 
which,  like  it,  has  twelve  eyes,  but  differently  disposed  from  those 
of  the  fossil  species.  From  the  nearly  circular  arrangement  of  these 
organs  in  the  latter  animal,  it  has  been  ranged  under  a  new  genus, 
Cyclophthalmus  "  (Buckland,  op.  cit.  vol.  i.  p.  407). 

This  remarkable  fossil  remained  unique  until  1839,  when  Corda 
added  a  new  genus  of  Pseudo-scorpions,  also  from  the  coal  of 
Bohemia,  which  he  named  Microlabie. 

No  other  Scorpion  was  noticed  from  the  Coal-measures  until 
1868,  when  Messrs.  Meek  and  Worthen,  in  their  '  Palaeontology  of 
Illinois/  described  a  new  form  of  this  ancient  family  (from  the  lower 
part  of  the  true  Coal-measures  of  Mazon  Creek,  Morris,  Grundy 
County,  Illinois)  *  under  the  name  of  Eoscorpius  carbonarius.     This 

•  Geological  Surrey  of  Illinois  (A.  H.  Worthen,  Director),  toL  iii.  1868 
(Palaeontology,  by  F.  B.  Meek  and  A.  H.  Worthen,  p.  560,  with  woodcut). 
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form  is  considered  by  its  describers  to  be  near  to  the  recent  Ameri- 
can species  Buthus  hirsutus  from  California,  with  which  it  accords 
well  in  its  general  proportions ;  but  as  neither  the  palpi  nor  the 
last  three  segments  of  the  body  are  preserved,  we  fully  agree  in  the 
conclusions  of  the  learned  authors  as  to  the  desirability  of  keeping 
it  distinct  generically. 

The  same  locality  in  Illinois  has  yielded,  in  addition  to  many  new 
and  interesting  forms  of  Crustacea,  a  new  genus  of  Myriopods,  named 
by  Messrs.  Meek  and  Worthen  Euphobcria,  with  two  species  E.  ar- 
migera  and  E.  major,  M.  &  W.,  two  new  Arachnides,  named  Mazonia 
Woodiana,  M.  &  W.,  and  Architarbus  rotundatus,  Scudder,  and  eight 
insects,  determined  by  Mr.  S.  H.  Scudder. 

In  April  1874  I  visited  an  experimental  sinking  for  coal  on  the 
estate  of  the  Earl  of  Dartmouth  at  Sand  well  Park  near  Birmingham, 
for  the  purpose  of  examining  (on  behalf  of  the  British  Museum)  a 
large  series  of  fossil  plants  of  great  interest,  from  the  "  Red  Bocks  " 
overlying  the  "  Thick  Coal." 

My  attention  was  specially  called  to  an  obscure  specimen  (dis- 
covered by  Mr.  Henry  Johnson,  C.E.,  the  Secretary  and  Manager  of 
the  Sandwell-Park  Colliery  Co.)  in  black  shale,  which,  to  my  surprise 
and  pleasure,  proved  on  examination  to  be  the  remains  of  a  fossil 
Scorpion  (PI.  VIII.  fig.  1). 

In  November  1874  I  received  from  Dr.  D.  B.  Rankin,  of  Carluke, 
a  single  segment  (preserved  in  the  round)  of  an  Articulate  from  the 
shale-beds  of  the  upper  limestone  series  of  the  Coal-measures  near 
Carluke,  which  I  am  unable  to  assign  to  any  other  group  of  Articu- 
lata ;  and  I  believe  it  to  be  an  abdominal  segment  of  a  Scorpion 
(figs.  5,  5  a,  56). 

In  August  last,  Mr.  Edward  Wilson  of  Nottingham  (a  most 
zealous  and  careful  collector  of  geological  specimens,  and  thoroughly 
acquainted  with  the  geology  of  the  country  around  Nottingham) 
forwarded  me  several  specimens  from  the  clay-ironstone  nodules  of 
the  Coal-measures,  Skegby  New  Colliery,  near  Mansfield.  Two  of 
these  clay-ironstone  nodules  exhibit,  now  that  they  have  been  split 
open — one,  the  body-segments  of  a  fossil  Scorpion  (fig.  2)  ;  and  the 
other,  one  of  its  palpi  (fig.  3).  So  interesting  an  addition  to  the 
already  numerous  forms  of  Arthropoda  from  the  English  Coal- 
measures  deserves  to  be  made  known  as  widely  as  possible,  that 
those  geologists  who  live  near  workable  coal-beds  where  the  clay- 
ironstone  nodules  occur  may  be  encouraged  by  these  "  finds n  to 
make  use  of  their  hammers  and  their  eyes  to  furnish  us  with  more 
perfect  remains  of  this  ancient  air-breather  of  the  coal-period. 

As  the  specimens  of  Scorpion  from  the  coal  are  at  present  very 
imperfect,  I  will  only  point  out  that  our  Scorpion  agrees  best  with 
an  Indian  form  which  I  cannot  very  well  distinguish  from  Scorpio 
afer ;  but  I  prefer  to  adopt  Messrs.  Meek  and  Worthen's  genus 
Eoscorpius  with  the  specific  designation  of  anglicus  for  the  fossil 
form,  and  to  await  the  discovery  of  more  perfect  remains  before 
venturing  to  define  its  characters  more  minutely. 
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EXPLANATION  OF  PLATE  VHI. 

Fig.  1.  Eoscorpius  carbonarins,  sp.  nov.,  from  the  Sand  well-Park  Colliery. 

2.  The  abdominal  segments,  from  near  Mansfield. 

3.  One  of  the  chelate  palpi,  from  near  Mansfield,  enlarged.    3  a.  The  same, 

nat.  size. 

4.  Scorpio  afer  (recent),  nat  size. 

5.  Single  articulation  preserved  in  the  round  from  the  Coal-measures, 

Carluke,  Scotland;  seen  from  above.    5  a.  The  same,  end  view.    5  b. 
The  same,  seen  from  below. 


Digitized  by  VjOOQ IC 


60  H.  WOODWARD  OH  AK  ORTHOPTKBOUS  INSECT 


7.  On  a  remarkable  fossil  Orthoptbrous  Insect  from  the  Coal- 

XBA8URRS   of  SCOTLAND.       By  HsNRT   WOODWARD,   EsO.,  F.R.S., 

F.G.S.,  &c,  British  Museum.    (Read  November  3, 1875.) 

[Plati  DL] 

The  clay-ironstone  of  Coalbrook  Dale,  Shropshire,  has  already  yielded 
the  wing  of  one  most  interesting  form  of  fossil  locust,  the  Gryllacris 
(Corydalis)  Brongniarti  (PI.  IX.  fig.  2),  figured  and  described  in 
Mantell's  *  Medals  of  Creation/  in  Murchison's  *  Siluria,'  4th  edition, 
1867,  p.  300,  woodcut  80,  and,  lastly,  in  the  Geol.  Mag.  1874,  new 
series,  Dec.  ii.  vol.  i.  pi.  xiv.  fig.  3 ;  whilst  the  Coal-measures  of 
Saarbruck  and  of  Westphalia  have  yielded  fossil  remains  of  a  Gryl- 
lacris and  seven  species  of  Blattinaf,  or  cockroaches,  4  Termites 
(white  ants),  1  Acridites,  3  species  of  the  Neuropterous  genus  Die- 
tyoneura ;  and  from  those  of  Grundy  co.,  Illinois,  U.  S.  A.,  3  species 
of  the  genus  Miamiay  1  of  Mylacris,  1  of  Megathentomum,  3  species 
of  Euphemerites,  and  1  doubtful  species  of  Mantis  have  been  described 
by  Mj.  S.  H.  Scudder,  and  from  the  Coal-measures  of  Cape  Breton 
the  genus  Haplophlebium  by  the  same  author4. 

Mr.  Scudder  has  likewise  described  seven  genera  from  more  or  less 
fragmentary  remains  in  the  Devonian  rocks  of  New  Brunswick f. 

Dr.  Anton  Dohrn  (Director  of  the  Zoological  Station  at  Naples) 
has  described  a  new  and  most  remarkable  Neuropterous  insect 
from  the  Permian  (Todtliegende)  of  Birkenfeld,  which  he  has  named 
Eugereon  Bcechingii,  and  regards  as  possibly  belonging  to  an  extinct 
order  (Dicttoptera)  J. 

It  has  been  my  good  fortune  during  the  past  year  to  have  placed 
in  my  hands,  through  the  kindness  of  Edward  Charlesworth,  Esq., 
F.G.S.,  a  most  interesting  fossil  insect  from  the  Coal-measures  of 
Scotland. 

The  insect  in  question  has  been  preserved  on  the  half  of  a  clay- 
ironstone  nodule,  which  had  been  split  open  for  the  purpose  of 
examination  ;  the  fate  of  the  corresponding  half  is  unknown. 

These  clay-ironstone  nodules  have  been  known  from  the  earliest 
times  to  contain  fossil  remains,  and  have  in  consequence  been  dili- 
gently examined ;  but  as  they  occur  in  infinite  numbers,  and  the 
geologists  are  few  who  devote  themselves  to  their  study,  we  know 
but  little,  after  all,  of  the  buried  treasures  they  contain,  and  they  too 
often  pass  into  the  smelting-furnaces  unnoticed  and  unseen.  In  one 
clay-ironstone  nodule  larger  than  usual,  Mr.  George  Maw,  F.G.S., 
of  Benthall  Hall,  near  Broseley,  obtained  the  entire  and  uncrushed 
skull  of  a  Labyrinthodont,  one  of  the  most  completely  preserved 
of  such  remains  ever  found  in  the  Coal.  I  had  the  good  fortune 
to  procure,  through  Mr.  Hollier,  of  Dudley,  in  a  small  nodule, 

»  Gool.  Mag.  1867,  vol.  iv.  p.  386,  pi.  xrii.  fig.  1. 
t  Ibid.  1868,  vol.  v.  pp.  172,  216. 

♦  Dr.  Dohrn  in  *  Pafeontograpbica/  1866,  Bd.  xiii.  p.  333,  Uf.  xli.,  and 
op.  cit  1869,  Bd.  xvi.  p.  129,  taf.  riii. 
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the  nearly  perfect  remains  of  an  Arachnide,  Eophrynus  Prestvicu, 
having  both  sides  seen  in  the  two  halves  of  the  same  stone4. 
I  allude  to  this  in  order  to  stimulate  geologists  in  the  neigh- 
bourhood of  coal-fields  to  devote  some  time  to  splitting  these 
nodules  of  the  "  pennystone "  ironstone,  feeling  assured  they  will 
be  well  rewarded  by  finding  king-crabs,  Arachnides,  Myriopods, 
insects,  ferns,  fruits,  and  other  fossil  remains,  which  may  serve  to 
enrich  their  own  and  the  public  museums,  and  increase  our  know- 
ledge of  the  fauna  and  flora  of  the  Carboniferous  epoch. 

Owing  to  the  large  expanse  of  surface  covered  by  the  fossil  insect 
under  consideration,  only  two  of  the  four  wings  are  well  preserved ; 
and  of  these  two  we  have  not  the  extremities,  or  the  posterior 
border  of  the  binder  wing. 

The  two  best-preserved  wings  measure  2£  inches  in  length  and 
1  inch  and  1|  inch  respectively  in  breadth,  the  hind  wing  being 
the  broadest,  as  is  the  case  among  the  Orthoptera  generally. 

The  anterior  margin  of  the  fore  wing  is  not  well  preserved ;  but 
a  careful  examination  brings  to  light  the  characteristic  strong  lon- 
gitudinal vein  running  parallel  with  the  fore  margin,  so  necessary 
for  giving  support  to  the  wing  in  flight. 

This  is  followed  by  a  second  equally  straight  vein. 
The  third  vein  is  likewise  parallel,  but  bifurcates  near  the  ex- 
tremity of  the  wing. 

The  fourth  vein  is  much  curved,  and  gives  rise  to  six  branches, 
three  of  which  again  bifurcate,  and  all  bend  outwards  and  back- 
wards towards  the  hinder  border  of  the  wing.  About  2  lines  from 
the  base  of  this  strong  fourth  vein  it  unites  with  a  fifth  short  vein 
at  an  acute  angle,  enclosing  with  the  proximal  border  of  the  wing 
a  triangular  space.  This  triangular  area  is  observable  in  all  four 
wings,  and  appears  to  correspond  exactly  with  a  similar  vein-area 
in  the  wing  of  OryUaeris  (Corydalis)  Brongniarti  described  by  Mr. 
A.  H.  Swinton  in  the  4  Geological  Magazine,'  1874,  Decade  ii.  vol.  i. 
p.  337,  pi.  xiv.  fig.  3,  as  "  a  vocal  organ,  and  which  in  the  Locvbtwm 
appears  to  be  greatly  developed,  and  to  be  furnished  with  a  series  of 
minute  arches,  which  the  insect  causes  to  vibrate  by  moving  one 
wing  across  the  other,  as  the  fiddle-bow  is  moved  across  the  strings 
of  the  violin." 

This  shrill-vein  is  by  no  means  always  developed  as  an  organ  of 
sound  in  all  the  members  of  the  Orthoptera ;  but  few  are  without 
it  in  some  measure. 

The  other  veins  of  the  wing  take  their  rise  from  the  centre  of 
this  triangular  vein,  and,  branching  into  three  and  into  two,  ter- 
minate in  the  hinder  border. 

The  venation  of  the  hinder  wing  differs  but  little  from  that  of 
the  fore  wing,  save  in  its  greater  depth,  and  consequently  in  the 
prolongation  backward  of  the  hindermost  veins.  (See  PI.  IX.  fig.  1.) 
The  transverse  veinlets  which  brace  the  principal  veins  together, 
have  a  general  rectangular  arrangement,  dividing  up  the  wing  into 
a  great  number  of  chiefly  square  and  oblong  meshes. 
*  G«oL  Mag.  1871,  toI.  viii.  p.  385,  pi.  xL 
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Of  the  body  we  see  but  little ;  a  transverse  band  marks  the  pro- 
bable division  between  the  meso-  and  metathorax ;  and  from  the 
undisturbed  position  of  the  bases  of  the  four  wings  we  may  conclude 
that  the  insect  was  not  less  than  five  lines  in  breadth  across  the 
thorax. 

Immediately  in  front  of  the  wings,  and  evidently  in  situ,  is  the 
prothorax,  consisting  of  two  dilated  and  rounded  lobes,  veined  like 
the  wings  themselves,  but  rather  more  irregularly,  and  measuring 
14  lines  across  and  6  lines  in  length.  In  the  centre  of  these  two 
rounded  lobes,  and  extending  8  lines  in  advance  of  them,  is  what 
appears  to  be  a  slender  frontal  process,  3  lines  long,  behind  which  is 
the  small  head  with  its  eyes,  measuring  3  lines  in  breadth.  In 
front  and  from  one  side  of  the  prothorax,  one  leg  is  seen  remaining 
in  situ. 

Compared  with  the  ordinary  Neuroptera,  and  even  with  Dr. 
Dohra's  Eugereon  Bceckingii^  we  see  that  in  the  neuration  of  the 
wings  there  is  a  marked  distinction ;  for  whereas  the  cross  veins  in 
our  fossil  run  nearly  always  at  right  angles  to  the  longitudinal  veins, 
leaving  more  or  less  quadrangular  meshes,  the  wings  in  Eugertxm 
and  many  other  Neuroptera  have  the  interspaces  between  the  veins 
filled  by  polygonal  meshes,  especially  in  the  hinder  part  of  the  wings. 
Nor  does  the  arrangement  of  the  main  veins  correspond. 

Compared  with  modern  Orthoptera,  we  find  that  in  the  fossil 
there  is  a  tendency  to  greater  branching  of  the  large  longitudinal 
veins,  and  a  more  frequent  branching  of  the  transverse  veinlets  that 
brace  them  together ;  and  that  there  is  a  less  parallel  disposition  of 
the  former. 

Between  this  form  and  Corydalis  (GryUacris)  Brongniarti  (PI.  IX. 
fig.  2),  from  the  Coal-measures,  Coalbrook  Dale,  there  is  a  marked 
similarity. 

Having  corresponded  with  Prof.  J.  0.  "Westwood,  of  Oxford,  and 
also  communicated  with  my  esteemed  colleague  Charles  0.  Water- 
house,  Esq.,  of  the  Zoological  Department,  I  am  confirmed  by  both 
these  entomologists  and  also  by  R.  McLachlan,  Esq.,  F.L.S.,  in  re* 
ferring  this  remarkable  fossil  to  the  neighbourhood  of  the  Mantid-k. 
In  no  other  group  do  we  meet  with  such  a  dilatation  of  the  pro- 
thorax ;  and  although  the  frontal  process  seems  at  first  sight  ab- 
normal, nevertheless  I  find  it,  combined  with  the  pro  thoracic 
dilatations,  in  the  genus  Bhphatns,  and  notably  in  B.  domina,  from 
the  "White  Nile.  There  is  also  a  general  agreement  in  the  neura- 
tion of  the  wings,  which  leads  me  to  rest  satisfied  in  this  deter- 
mination. Nevertheless  there  are  points  of  affinity  with  the  Neu- 
roptera which  mark  this  insect,  and  which  led  Audouin  to  refer  the 
Coalbrook-dale  example  to  Cvrydalis,  although  Mr.  A.  H.  Swinton 
has  subsequently  referred  it  to  Gryllacris*. 

One  great  distinction  between  Blepharis  domina  and  the  fossil 
under  consideration  is,  that  in  the  latter  the  dilatations  of  the  pro- 
thorax are  tumid  and  rounded,  whilst  in  the  former  they  are  per- 
fectly flat  and  subtriangular. 

*  Geol.  Mag.  loo,  tit. 
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Without  following  the  example  of  Dr.  Dohm  and  proposing  a 
new  order  for  the  fossil  before  us,  I  have  no  hesitation  in  placing  it 
in  a  new  genus,  for  which  I  would  propose  the  name  of  Lithomantis, 
calling  the  species  L.  carbonarius. 

The  following  is  a  list  of  the  hitherto  described  fossil  Insects  and 
Arachnida  found  in  the  Palaeozoic  rocks : — 

PERMIAN. 
1.  Eugereon  Bosckingii,  Dohm.    Birkenfield. 

COAL-MEASUBES. 

Arachnida. 

I.  Scorpionida. 

1.  Microlabis  Sternberg,  Corda.    Coal-measures,  Bohemia. 

2.  Crclophtbalmus  senior,  Corda.    Ditto,  ditto. 

3.  Mazonia  Woodiana,  M.  §  W.    Ditto,  Illinois. 

4.  Eoscorpius  carbonarius,  M.  Sf  W.    Ditto,  ditto. 

5.  Eoscorpius  anglicus,  H.  Woodw.    Ditto,  Sandwell-Park  and  Skegby  Col* 

lieries. 

II.  False  Scorpions. 

6.  Architarbus  rotundatus,  Soudder.    Coal-measures,  Illinois. 

7.  subovalis,  H.  Woodw.    Ditto,  near  Padiham,  Lancashire. 

8.  Eophrynus  Prestricii,  H.  Woodw.     Ditto,  Coalbrook  Dale  and  Dudley. 

III.  Araneida. 

9.  Aranea,  sp.     Coal-measures,  Bohemia. 

10.  Protolycosa  anthracopbila,  Rbmer.    Ditto,  Silesia. 

11.  Arthrolycosa  antiqua,  Harger.    Ditto,  Morris,  Illinois. 

Myriopoda. 

12.  Xjlobius  sigillaria?,  Dawson.     Coal-measures,  Glasgow,  Huddersfield,  and 

No?a  Scotia. 

13.  Euphoberia  armigera,  M.  8f  W.    Ditto,  Illinois,  U.S.,  and  Nora  Scotia. 

14.  Brownii,  H.  W.     Ditto,  Glasgow. 

15.  major,  M.  $  W.     Ditto,  Illinois,  U.S. 

16.  anthrax,  Salt.,  sp.  (?).    Ditto,  Coalbrook  Dale. 

17.  ferox,  Salt.,  sp.    Ditto,  ditto. 

CoLKOPTERA. 

18.  Curculioides  Ansticii,  Buckl.    Coal-measures,  Coalbrook  Dale. 

19.  Scarabaeus,  sp.     Ditto,  Saarbruck  (a  fossil  fruit!  Rihner). 

20.  Troxites  German,  F.  Gold.    Ditto,  Saarbruck. 

Orthoptera. 
(Blattida.) 

21.  Blattina  prinuera,  F.  Gold.    Coal-measures,  Saarbruck. 

22.  Lebachensis,  F.  Gold.    Ditto,  ditto. 

23.  gracilis,  F.  Gold.    Ditto,  ditto. 

24.  anaglyptica,  Germar.    Ditto,  Westphalia. 

26. antbracophila,  Germar.    Ditto,  ditto. 

26. didjraa,  Germar.    Ditto,  Westphalia. 

27. flabellata,  Germar.    Ditto,  ditto. 

28. Tenusto,  Lesqrx.    Ditto,  Frog  Bajou,  Arkansas. 
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(LoeuMUe.) 

29.  Gryllacris  lithanthraoa,  F.  Gold.    Coal-measures,  Paarbruok. 

30.  (Corydalis)  Brongniarti,  Mant.    Ditto,  Coalbrook-dale. 

31.  Acridites  oarbonatus,  Germar.     Ditto,  Westphalia. 

(Mantida?) 

32.  Iithomantis  oarbonarius,  H.  Woodw.    Coal-measures,  Scotland. 

33.  Mantis  ?,  sp.,  Scudder.    Ditto,  Grundy  Co.,  Illinois. 

Neuroptera. 

34.  Termes  Heeri,  F.  Gold.    Coal-measures,  Saarbruok. 

35.  formosus,  F.  Gold.    Ditto,  ditto. 

36.  Decheni,  F.  Gold.    Ditto,  ditto. 

37.  affinis,  F.  Gold.    Ditto,  ditto, 

38.  Dtctyoneura  anthracophila,  F.  Gold.    Coal-measures,  Saarbruck. 

39.  Humboldtiana,  F.  Gold.    Ditto,  ditto. 

40.  libelluloides,  F.  Gold.    Ditto,  ditto. 

41.  Miamia  Bronsoni,  Dana.    Ditto,  Grundy  Co.,  Illinois. 

42.  Dana,  Scudder.     Ditto,  ditto. 

43.  (Chrestotes)  iapidea,  Satdder.    Ditto,  ditto. 

44.  Hemeristia  Occident  alis,  Dana.    Ditto,  ditto. 

45.  Mylacris  anthracophila,  Scudder  (in  Dana). 

46.  Megathentomum  pustulatum,  Scudder.    Ditto,  ditto. 

47.  Euphemeritee  simplex,  Scudder.    Ditto,  ditto. 

48.  gig*8*  Scudder.    Ditto,  ditto. 

49.  affinis,  Scudder.     Ditto,  ditto. 

50.  Haplophlebium  Barnesii,  Scudder.    Ditto,  Cape  Breton. 

Lepidoptera  ? 

51.  Tinea,  sp.,  Fabricius.    Coal-measures. 

DEVONIAN. 

1.  Platephemera  antiqua,  Scudder.     Devonian,  New  Brunswick. 

2.  Homothetus  fossilis,  Scudder.     Ditto,  ditto. 

3.  Lithentomum  Harttii,  Scudder.     Ditto,  ditto. 

4.  Xenoneura  antiquorum,  Scudder.    Ditto,  ditto. 

5.  Gerepheraera  simplex,  Scudder.    Ditto,  ditto. 

6.  Dyscritus  vetustus,  Scudder.     Ditto,  ditto. 

7.  Archimylacris  acadicus,  Scudder.  Ditto,  ditto. 

EXPLANATION  OF  PLATE  IX. 

Fig.  1.  iMhomanUs  carbonarius,  sp.  nor. ;  nat  size.    Coal-measures,  Scotland. 

2.  Gryllacris  ( Corydalis)  Brongniarti ;  nat.  size.    Ditto,  Coalbrook  Dale. 

3.  D/epharis  domina  (recent) ;  nat  size.    White  Nile,  Abyssinia. 

DISCUSSION. 

Mr.  Chableswobth  inquired  whether  the  presence  of  the  few 
Cretaceous  fossils  found  in  the  deposit  which  had  furnished  the 
New-Zealand  Crab  described  might  not  be  the  result  of  the  degra- 
dation of  preexisting  rocks. 

Dr.  Hector  replied  that,  on  stratigraphical  grounds,  this  could  not 
he  the  case. 

Mr.  Charleswobth  stated  that  he  had  been  unable  to  ascertain 
the  precioe  locality  of  the  fossil  Orthopterous  insect  described,  but 
that  he  was  informed  by  the  gentleman  from  whom  he  received  it 
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that  the  nodule  containing  the  specimen  was  picked  up  by  a  lady  in 
Scotland. 

Prof.  Morris  remarked  that  the  New  Zealand  Crab  was  of  espe- 
cial interest.  All  the  previously  described  species  of  Harpactocar- 
cinus  had  been  obtained  from  Nummulitic  deposits  in  the  south  of 
Europe ;  and  the  same  concurrence  was  observed  in  New  Zealand. 
Similar  phenomena  occurred  in  Australia,  where  many  species  re- 
sembling European  forms  had  been  discovered  by  M'Coy. 

Mr.  Etueridgb  said  that  one  of  Mr.  Woodward's  papers  demon- 
strated the  value  of  the  Sub-Wealden  boring.  He  had  examined 
the  cores,  and  had  come  to  the  conclusion  that  the  Oxford  Clay  was 
reached  at  500  feet;  but  in  this  he  was  mistaken,  owing  to  his 
having  wrongly  identified  the  Ammonite  discovered  at  that  depth 
with  Ammonites  jason.  The  occurrence  of  the  same  species  of 
Crustacean  at  Boulogne  and  in  Sussex  was  of  great  interest,  as 
marking  the  identity  of  the  deposit  in  the  two  localities.  Lingula 
ovalis  occurred  with  other  fossils  throughout  the  Kimmeridge  Clay 
of  the  boring. 

Mr.  Woodward  thanked  Mr.  Charlesworth  for  his  endeavours  to 
ascertain  the  locality  from  which  his  Liihomantis  was  obtained,  but 
remarked  that,  whatever  this  might  be,  there  could  be  no  doubt  as 
to  its  geological  horizon. 
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8.  Notes  on  the  Occtrbence  of  Eozoon  cahadense  at  Cote  St. 

Pierre.     By  J.  W.  Dawson,  LL.D.,  F.R.S.,  F.G.S.    (Bead 

May  12, 1875.) 

[Plat*  X] 

Cote  St.  Pierre,  in  the  Seigniory  of  Petite  Nation,  on  the  river 
Ottawa,  is  the  locality  whence  some  of  the  most  instructive  speci- 
mens of  Eozoon  were  obtained  by  the  late  Mr.  Lowe,  whose  collec- 
tions are  referred  to  in  papers  presented  to  this  Society  by  Sir  W. 
E.  Logan  and  the  writer.  Believing  that  a  reexamination  of  this 
place  would  afford  a  good  opportunity  for  collecting  additional  speci- 
mens, and  for  the  study  of  the  fossil  in  situ,  as  well  as  for  testing  the 
validity  of  objections  recently  raised  to  the  animal  nature  of  Eozoon, 
I  made  arrangements  for  visiting  it  in  September  last ;  and,  through 
the  kindness  of  Mr.  Selwyn,  Mr.  T.  C.  Weston,  of  the  Geological 
Survey,  a  skilful  collector,  and  who  has  had  much  experience  in 
preparing  and  examining  specimens  of  Eozoon,  was  permitted  to 
accompany  me,  and  subsequently  prepared  slices  and  photographs  of 
some  of  the  specimens  obtained. 

The  Lower  Laurentian  rocks  of  this  region  have  been  carefully 
mapped  and  described  in  the  Reports  of  the  Geological  Survey,  to 
which  1  may  refer  for  their  general  description.  The  limestone, 
which  has  afforded  Eozoon  at  Cote  St.  Pierre,  is  a  thick  bed  belong- 
ing to  the  Grenville  band  of  Sir  W.  E.  Logan,  and  included  between 
the  two  great  belts  of  orthoclase  gneiss  (the  third  and  fourth  gneiss) 
which  in  this  region  constitute  the  upper  beds  of  the  Lower  Lauren- 
tian. Its  average  thickness,  according  to  the  measurements  of  Sir 
William  Logan,  is  750  feet ;  but  it  varies  from  1500  feet  to  60  feet. 
Its  outcrop  has  been  traced  in  the  country  north  of  the  Ottawa  for 
at  least  100  miles,  along  several  anticlinal  and  synclinal  folds9. 

At  Cote  St.  Pierre  this  limestone  occurs  on  the  flank  of  a  hill  of 
gneiss  and  stratified  diorite,  with  a  dip  to  the  south-east  at  angles 
of  70°  to  80°.  The  dip,  however,  is  very  inconstant,  owing  to  the 
contortions  of  the  beds. 

The  limestone  is  white  and  crystalline,  and  may  be  described  as 
thin-bedded,  since  it  presents  a  great  number  of  layers  of  no  great 
individual  thickness,  and  differing  in  the  coarseness  of  the  crystal- 
lization and  in  the  presence  of  dolomite,  serpentine,  and  layers  of 
gneissose  matter  in  some  of  them.  The  specimens  of  Eozoon  were 
found  to  be  abundant  in  only  one  bed,  not  more  than  four  feet  in 
thickness,  though  occasional  specimens  and  layers  of  fragments 
occur  in  other  parts  of  the  band.  The  exposures  are  in  part  natural 
weathered  surfaces  seen  on  a  wooded  bank,  in  part  an  opening 
made  by  Mr.  Lowe  to  extract  specimens  of  Eozoon,  and  a  larger 
opening  made,  as  we  were  informed,  by  parties  in  search  of  fibrous 
serpentine,  or  "  rock-cotton,"  for  economic  purposes. 

*  See  map  in  « Geology  of  Canada,'  1863. 
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The  sections  seen  in  the  artificial  exposures  may  he  tabulated  as 
follows,  though  from  the  highly  inclined  position  of  the  heds  and 
the  irregularity  of  the  excavations,  perfect  accuracy  was  not  at- 
tainable : — 

Mr.  Lowers  Excavation  (order  descending). 

1.  limestone  with  serpentine  and  entire  specimens  of  Eozoon — 3  feet. 

2.  Coarse  crystalline  limestone,  with  layers  containing  fragments  of  Eozoon— 

4  feet. 

3.  limestone  with  concretions  and  layers  of  serpentine,  and  a  few  specimens 

of  Eozoon — seyeral  feet,  to  the  bottom  of  the  excavation. 

Fisher's  Excavation  (order  descending). 

1.  Laminated  limestone  with  bands  of  serpentine — 6  feet. 

2.  White  laminated  limestone  traversed  by  small  veins  of  chrysotile — 6  feet 

3.  limestone  with    concretions   and    interrupted    bands   of  serpentine  and 

Svroxene,  and  fragments  of  Eozoon — 10  feet.     (Crystals  and  layers  of 
olomite  occur  in  this  and  the  preceding  beds.) 

4.  limestone  with  large  concretions  of  serpentine,  and  in  one  layer  fine-grained 

variety  of  Eozoon  (var.  minor) — 20  feet. 

5.  limestone  with  serpentine  and  perfect  specimens  of  Eozoon.    (This  pro- 

bably corresponds  to  Lowe's  excavation  )—-12  feet 

6.  Coarse-grained  limestone  and  dolomite — several  feet. 

(After  a  break  of  several  yards) 

7.  limestone  with  masses  of  pyroxene  and  veins  of  chrysotile  and  some  imper* 

fed  Eozoon. 

(After  a  break  of  several  yards) 

8.  Coarse-grained  diorite,  resting  on  a  thick  band  of  gneiss. 

In  front  of  Lowe's  excavation,  and  apparently  overlying  the  lime* 
stone  exposed  in  it,  is  a  narrow  ledge  of  fine-grained  gneiss ;  and 
beyond  this  other  and  probably  overlying  limestone  appears,  holding 
pyroxene  and  mica.  The  whole  vertical  thickness  of  the  limestone 
exposed  can  scarcely  exceed  150  feet ;  hut  this  is  probably  only  a 
small  part  of  the  development  of  the  band  at  this  place. 

In  the  strike  of  the  limestone  to  the  south  it  appears  to  bend 
abruptly,  or  to  be  thrown  by  a  fault,  to  the  south-east,  the  gneiss 
and  diorite  coming  forward  into  a  line  with  it,  and  the  limestone 
appearing  in  a  little  hare  knoll  in  front  of  these.  On  the  surface  of 
this  limestone  were  found  some  fine  specimens  of  weathered  Eozoon. 

I  examined  carefully  the  relation  of  the  bedded  serpentine  and 
the  veins  of  chrysotile  or  fibrous  serpentine  to  the  limestone.  The 
compact  serpentine  is  evidently  an  original  part  of  the  deposit, 
occurring  in  layers  and  lenticular  concretions.  In  some  beds  it 
shows  no  indication  of  the  structure  of  Eozoon ;  but  in  others  it  fills 
the  cavities  of  the  fossils,  and  there  are  many  regular  layers  of 
fragments!  Eozoon  of  considerable  thickness  in  which  it  nils  the 
cells,  while  in  other  layers  interetratified  with  these  the  fossil  is 
associated  with  dolomite.  I  satisfied  myself  on  this  point  not  only 
on  the  ground,  but  also  by  taking  away  large  specimens  represent- 
ing several  thin  layers,  and  treating  them  with  dilute  acid  so  as  to 
being  out  the  structure.  The  following  is  a  section  of  such  a  speci- 
men, 64  inches  in  vertical  thickness,  treated  with  acid  and  examined 
with  a  lens ; — 

f2 
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1.  Limestone  with  crystals  of  dolomite  and  a  few  fragments  of  Eozoon. 

2.  Fine-grained  limestone  with  granules  of  serpentine — the  latter  filling  the 

ohamberlets  of  fragments  of  Eozoon  and  small  globigerine  Foraminifera. 

3.  Limestone  with  dolomite  and  including  a  thin  layer  of  serpentine  as  above. 

4.  Limestone  and  dolomite  with  grains  of  serpentine  and  fragments  of  supple- 

mental skeleton  of  Eozoon. 

5.  Crystallized  dolomite,  holding  a  few  fragments  of  Eozoon  in  the  state  of 

caleite. 

6.  Limestone  with  disseminated  serpentine  as  above,  ohamberlets  of  Eozoon  and 

fragments  of  its  supplemental  skeleton,  also  small  groups  of  chamberlets, 
perhaps  globigerine  Foraminifera. 

In  other  specimens  a  like  thickness  of  rock  presented  a  mass  of 
fragments  of  supplemental  skeleton  with  the  canals  injected  with 
serpentine,  and  grannies  of  the  same  filling  the  chambers. 

The  chrysotile  veins,  which  are  sometimes  an  inch  or  more  in 
thickness,  but  branch  off  into  the  most  minute  fibres,  are  evidently 
altogether  subsequent  in  origin  to  the  bedded  limestone  and  ser- 
pentine. They  are  undoubtedly  of  aqueous  origin,  and  in  their 
mode  of  occurrence  strongly  resemble  the  veins  of  fibrous  gypsum 
penetrating  the  Lower  Carboniferous  marls  of  Nova  Scotia.  They 
cross  the  bedding  in  all  directions,  and  pass  through  the  structure 
of  Eozoon,  though  sometimes  running  parallel  to  its  laminae  for  short 
distances.  They  must  have  been  introduced  after  the  Eozoon  was 
mineralized,  and  have  evidently  no  connexion  with  its  structure. 

In  the  diagram  (PI.  X.  fig.  2)  I  have  attempted  to  represent  this 
relation ;  and  I  have  no  hesitation  in  stating  that  the  assertion  that 
these  chrysotile  veins  are  identical  with  or  similar  to  the  proper  wall 
of  Eozoon  either  in  structure  or  distribution,  is  wholly  without  foun- 
dation, other  than  that  which  may  arise  from  confounding  dissimilar 
structures  accidentally  associated  with  each  other. 

Some  slickensided  joints  lined  with  a  lamellar  and  fibrous  ser- 
pentine traverse  the  beds,  and,  as  the  chrysotile  veins  sometimes 
terminate  in  them,  may  be  older  than  the  latter.  These  also  were 
observed  to  cross  the  masses  of  Eozoon, 

Few  disseminated  minerals,  other  than  those  already  mentioned, 
were  observed  in  the  Eozoon  limestone.  A  few  detached  crystals  of 
mica,  pyroxene,  and  pyrite  were  found  in  the  fragmental  layers,  and 
also  a  few  rounded  particles  of  quartz,  probably  grains  of  sand. 

The  perfect  examples  of  Eozoon,  at  least  those  rendered  evident 
by  mineralization  with  serpentine,  are  confined  to  certain  bands  of 
limestone,  and  notably  to  one  band — that  originally  opened  by  Mr. 
Lowe.  In  this  bed  the  fossil  occurs  in  patches  of  various  sizes,  some 
of  them  two  feet  or  more  in  diameter,  and  bent  or  folded  by  the 
contortions  of  the  strata ;  others  are  much  smaller,  down  to  a  few 
inches.  On  the  weathered  surfaces  the  specimens  mineralized  with 
serpentine  project,  and  exhibit  their  lamination  in  great  perfection, 
resembling  very  closely  the  silicified  Stromatojporas  of  the  Corniferous 
Limestone. 

None  of  the  specimens  of  Eozoon  is  of  any  great  vertical  thick- 
ness. The  lower  laminae  are  generally  the  best  developed  and  with 
the  thickest  supplemental  or  intermediate  skeleton,    The    upper 
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laminae  become  thin-walled,  though  often  very  regular ;  and  after 
about  100  laminae  at  most,  the  superficial  portions  become  acer- 
ruline  for  an  inch  or  so  and  then  terminate.  In  some  speci- 
mens only  a  few  regular  laminae  are  formed,  succeeded  by  acervu- 
line  structures.  A  very  fine  and  regular  specimen  in  my  collection 
has  100  laminte  in  a  thickness  of  3j  inches,  giving  a  little  more 
than  a  thirtieth  of  an  inch  for  the  average  height  of  each  lamina  of 
sarcode  and  shell- wall. 

In  order  to  test  the  state  of  preservation  of  the  canal  system  and 
nummuline  layer,  I  treated  a  great  number  of  specimens  from  diffe- 
rent parts  of  the  bed  with  a  dilute  acid.  The  result  was,  that  in  all 
the  canal  system  could  he  detected  in  greater  or  less  perfection  in 
the  thicker  laminae  near  the  base  of  the  forms,  and  in  some  through 
a  great  number  of  the  laminae.  The  structure  of  the  nummuline 
layer  was  not  so  constantly  preserved,  its  tubuli  not  being  infiltrated 
in  some  parts,  so  that  it  appears  as  a  structureless  band,  or  fails 
altogether  to  be  visible.  In  no  instance  could  it  be  seen  to  pass 
into  chrysotile,  as  recently  affirmed  by  Messrs.  Rowney  and  King*, 
although  chrysotile  veins  often  run  very  near  to  or  across  the  walls. 
The  nummuline  layer  is  almost  always  distinctly  limited  by  parallel 
surfaces,  with  its  tubes  at  right  angles,  or  nearly  so,  to  these.  The 
sort  of  chevron  arrangement  figured  by  Rowney  and  King  in  fig.  7 
of  their  plate,  in  the  number  of  the  'Annals  of  Natural  History '  for 
October  1874, 1  have  never  observed ;  and  Mr.  Weston,  who  has  pre- 
pared and  examined  microscopically  hundreds  of  specimens  ofEozoon, 
was  struck  with  the  inaccuracy  of  the  representations  in  this  plate, 
and  remarked  on  it  the  first  time  that  I  met  him  after  he  had  seen 
the  paper  referred  to.  Figs.  2  and  3,  PI.  X.,  relate  to  these  points,  and 
show  the  actual  nature  of  the  nummuline  wall  and  its  relation  to 
the  intermediate  skeleton  and  chrysotile  veins,  as  do  also  the  figures 
recently  published  by  Dr.  Carpenter  in  his  paper  in  the  '  Annals 't. 

By  careful  scrutiny  of  the  beds  we  were  enabled  to  detect  two 
new  forms  of  Eozoon,  which  may  eventually  prove  to  be  distinct 
species,  but  which  for  the  present  may  be  regarded  as  varietal 
forms. 

One  of  these,  found  in  situ  by  Mr.  Weston,  is  flat  in  form  and 
very  finely  laminated,  with  thin  walls  except  near  the  lower  part, 
where  there  is  some  supplemental  skeleton  with  finer  and  more 
curved  canals  than  usual.  The  thin  walls  or  laminaa  of  the  ordi- 
nary skeleton  are  connected  by  very  frequent  vertical  pillars  or  par- 
titions, and  are  as  numerous  as  thirty  in  half  an  inch,  while  the 
whole  thickness  of  the  sjiecimen  does  not  exceed  an  inch.  It  thus 
very  closely  resembles  some  of  the  Devonian  and  Silurian  Stromato- 
porce,  especially  when  seen  on  the  weathered  surface.  It  may  be 
named  in  the  mean  time  variety  minor. 

The  second  occurs  in  more  or  less  oval  patches  a  few  inches  in 
diameter,  limited  by  a  sort  of  frame  or  border  of  compact  serpen- 
tine, and  presenting  under  the  microscope  an  aggregation  of  small 
acervuline  chamberlets,  having  the  proper  wall  filled  with  unusually 

*  Ann.  k  Mag.  of  Nat.  Hist.  May  1874.  t  Ibid.  June  1874. 
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long  parallel  tabes,  and  with  little  development  of  supplemental 
or  intermediate  skeleton.  The  appearance  of  parallel  tabulation 
running  through  and  past  several  successive  chamberlets  was  more 
conspicuous  in  these  specimens  than  in  the  ordinary  acervuline 
Eozoon,  and  the  chamberlets  themselves  more  cylindrical  and  tortu- 
ous. These  specimens  may  either  be  portions  of  the  acervuline 
superficial  part  of  Eozoon  broken  off  and  separately  preserved,  or 
they  may  constitute  a  distinct  varietal  form.  As  the  latter  seems  on 
the  whole  most  probable,  I  would  name  this  form  variety  acervtdina. 

These  varieties  are  of  much  more  rare  occurrence  than  the  ordi- 
nary type  of  Eozoon. 

The  ordinary  specimens  of  Eozoon  found  at  St.  Pierre  are  mineral- 
ized with  serpentine;  but  fragments  imbedded  in  the  dolomitic 
limestones  have  their  canals  filled  with  a  transparent  mineral  which, 
from  its  optical  character,  is  evidently  dolomite,  though  the  quan- 
tity obtained  was  not  sufficient  for  any  definite  chemical  test. 
Parts  of  the  canals  in  these  specimens  were  filled  with  caloite,  as 
shown  by  its  dissolving  entirely  away  in  a  dilute  acid.  In  one  of 
the  serpentinous  specimens  also  I  have  observed  that,  while  portions 
of  the  groups  of  canals,  especially  the  basal  portions,  are  filled  with 
serpentine,  the  extremities  of  the  canals  and  their  finer  branches 
present,  under  polarized  light,  the  aspect  of  calcite ;  and  that  they 
are  filled  with  this  mineral  is  proved  by  these  portions  of  the  canal- 
filling  being  entirely  removed  when  treated  with  dilute  acid.  It 
would  thus  appear  that  in  these  specimens,  while  the  terminal  parts 
of  the  canals  have  been  filled  with  caloite,  the  basal  portions  have 
been  occupied  by  serpentine.  This  is  not,  however,  a  new  fact,  as 
similar  appearances  have  been  already  described  both  by  Br.  Car- 
penter and  the  writer. 

In  one  specimen  I  observed  a  portion  of  the  fossil  entirely  replaced 
by  serpentine,  the  walls  of  the  skeleton  being  represented  by  a 
lighter-coloured  serpentine  than  that  filling  the  ohambers,  and  still 
retaining  traces  of  the  canals.  The  walls  thus  replaced  by  serpen- 
tine could  be  clearly  traced  into  connexion  with  the  portions  of 
those  still  existing  as  oalcite.  This  shows  that  the  serpentine,  like 
the  quartz  in  silioified  shells  and  corals,  has  had  the  power  of  re- 
placing the  oalcite  of  the  fossils;  and  I  believe  that  its  partial 
action  in  this  way  accounts  for  some  irregularities  observed  in  the 
less  perfectly  preserved  specimens.  Nor  is  it  improbable,  as  Dr. 
Hunt  has  already  suggested,  that  some  of  the  masses  of  serpentine 
and  pyroxene  on  which  speoimens  of  Eozoon  are  based,  may  represent 
older  and  more  perfectly  mineralized  masses  of  the  fossil. 

In  some  of  the  specimens  of  Eozoon,  the  superficial  laminae  are 
apparently  broken  and  displaced  in  such  a  manner  as  to  suggest 
the  idea  that  partial  disintegration  by  the  waves  had  taken  place 
before  they  were  finally  buried.  It  is  also  observable  that  in  some 
of  the  masses  the  compression  to  whioh  they  have  been  subjected 
has  produced  a  microscopic  faulting,  which  slightly  displaces  the 
lamiu®. 

One  of  the  most  interesting  features  of  the  St.-Pierre  limestone, 
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not  noticed  by  previous  observers,  is  the  occurrence  of  layers  filled 
with  little  globose  casts  of  chamberlets,  single  or  attached  in  groups, 
and  often  exactly  resembling  the  casts  of  Qlobigerina!  in  greensand 
(PI.  X.  figs.  4-10).  On  weathered  surfaces  they  were  often  especially 
striking  when  examined  with  the  lens.  In  some  cases  the  chamberlets 
seem  to  have  been  merely  lined  with  serpentine,  so  that  they  weather 
into  hollow  shells.  The  wails  of  these  chamberlets  have  had  the  same 
tubulated  structure  as  Eozoon  (fig.  4) ;  so  that  they  are  in  their  essen- 
tial characters  minute  acervuline  specimens  of  that  species,  and  similar 
to  those  which  I  described  in  my  paper  of  1867*  as  occurring  in  the 
limestones  of  Long  Lake  and  Wentworth,  and  also  in  the  loganite 
filling  the  chambers  of  specimens  of  Eozoon  from  Burgess.  Some  of 
them  are  connected  with  each  other  by  necks  or  processes,  in  the 
manner  of  the  groups  of  chamberlets  described  by  Giimbel  as  occur- 
ring in  a  limestone  from  Finland,  examined  by  him.  That  they  are 
organic  I  cannot  doubt,  and  also  that  they  have  been  distributed  by 
currents  over  the  surface  of  the  layers  along  with  fragments  of 
Eozoon.  Whether  they  are  connected  with  that  fossil  or  are  speci- 
fically distinct  may  admit  of  more  doubt.  They  may  be  merely 
minute  portions  detached  from  the  acervuline  surface  of  Eozoon, 
and  possibly  of  the  nature  of  reproductive  buds.  On  the  other 
hand,  they  may  be  distinct  organisms  growing  in  the  manner  of 
Qlobigerina.  As  this  is  at  present  uncertain,  and  as  it  is  convenient 
to  have  some  name  for  them,  I  propose  to  term  them  Archceo$phce- 
rinte,  understanding  by  that  name  minute  Foraminiferal  organisms, 
having  the  form  and  mode  of  aggregation  of  Qlobigerina,  but  with 
the  proper  wall  of  Eozoon . 

In  slicing  one  of  my  specimens  from  Cote  St.  Pierre  I  have 
recently  observed  a  very  interesting  peculiarity  of  structure,  which 
deserves  mention.  It  is  an  abnormal  thickening  of  the  calcareous 
wall  in  patches  extending  across  the  thickness  of  four  or  five 
lamellae,  the  latter  becoming  slightly  bent  in  approaching  the 
thickened  portion.  This  thickened  portion  is  traversed  by  regu- 
larly placed  parallel  canals  of  large  size,  filled  with  dolomite,  while 
the  intervening  calcite  presents  a  very  fine  dendritic  tabulation. 
The  longitudinal  axes  of  the  canals  lie  nearly  in  the  plane  of 
the  adjacent  laminae.  This  structure  reminds  an  observer  of  the 
Coenostroma  type  of  Stromatopora,  and  may  be  either  an  abnormal 
growth  of  Eozoon,  consequent  on  some  injury,  or  a  parasitic  mass  of 
some  Stromatoporoid  organism  finally  overgrown  by  the  Eozoon. 
The  structure  of  the  dolomite  shows  that  it  first  inorusted  the 
interior  of  the  canals,  and  subsequently  filled  them — an  appearance 
which  I  have  also  observed  in  some  of  the  larger  canals  filled  with 
serpentine,  and  which  is  very  instructive  as  to  their  true  nature. 

From  the  above  facts  the  true  nature  of  Eozoon  may,  I  think,  be 
rendered  evident  to  any  geologist,  however  little  he  may  have  made 
the  fossil  Foraminifera  a  subject  of  study.  The  theories  as  to  its 
origin  may  be  summed  up  thus  : — 

1.  The  complicated  theory  of  pseudomorphism  and  replacement, 
*  Quart.  Journ.  Geol.  Soc.  vol.  xxiii.  p.  200. 
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advocated  by  Messrs.  Kowney  and  King,  may  be  dismissed  at  once. 
Independently  of  the  insuperable  chemical  difficulties  which  have 
been  pointed  out  by  Dr.  Hunt*,  and  which  he  proposes  to  discuss 
more  fully  in  his  papers  on  Chemical  Geology,  now  in  the  press,  we 
have  the  further  facts  that  no  replacement  of  serpentine  by  calcite 
is  indicated  by  the  relations  of  these  minerals  to  each  other,  while 
such  replacement  as  does  occur  is  in  the  other  direction,  or  the  change 
of  calcite  into  serpentine,  as  evidenced  by  the  state  of  preservation 
of  some  specimens  of  Eozoon,  above  referred  to.  Further,  this 
theory  fails  to  give  any  explanation  of  the  specimens  mineralized 
by  pyroxene,  dolomite,  and  calcite,  or  to  account  for  the  nummuline 
wall,  except  by  attributing  it  to  the  alteration  of  ehrysotile,  which 
is  inadmissible,  as  the  veins  of  this  mineral  are  newer  than  the 
walls  supposed  to  have  been  derived  from  them. 

2.  Inasmuch  as  many  apparently  concretionary  grains  and  lenti- 
cular masses  of  serpentine  exist  in  the  Lauren tian  limestones,  it 
may  be  supposed  possible  that  Eozoon  is  merely  a  modification  of 
these  concretionary  forms.  In  this  case,  the  filling  of  each  lamina 
and  chamberlet  of  Eozoon  must  be  regarded  as  a  separate  concretion ; 
and  even  if  we  could  suppose  some  special  cause  to  give  regularity 
and  uniformity  to  such  concretions  in  some  places  and  not  in  others, 
we  still  have  unaccounted  for  the  canals  and  tubuli,  or  the  delicate 
threads  of  serpentine  representing  them.  Further,  we  have  to  sup- 
pose that  a  tendency  to  this  regular  and  complicated  arrangement 
ha*  affected  in  the  same  way  minerals  so  diverse  as  serpentine, 
loganite,  pyroxene,  and  dolomite. 

3.  The  only  remaining  theory  is  that  of  infiltration  by  serpentine 
of  cavities  previously  existing  in  the  calcite.  There  is  no  chemical 
objection  to  this,  inasmuch  as  we  know  of  the  infiltration  of  fossils 
in  other  formations  by  minerals  akin  to  serpentine;  and  in  these 
limestones  the  veins  of  fibrous  serpentine  have  evidently  been  intro- 
duced by  aqueous  action  subsequently  to  the  production  or  foasiliza- 
tion  of  the  Eozoon.  Further,  the  white  pyroxene  of  the  Lauren  tian 
limestones,  and  the  loganite  and  dolomite,  are  all  known  to  have 
been  produced  by  aqueous  deposition.  The  only  question  remaining 
is,  Whence  came  the  original  calcite  skeleton  with  laminae,  chambers, 
canals,  and  tubuli  to  be  so  infiltrated  ?  The  answer  is  given  in  the 
comparison  with  the  tests  of  Foraminifera,  originally  proposed  by 
the  writer,  and  illustrated  in  so  conclusive  a  manner  by  the  re- 
searches of  Dr.  Carpenter. 

I  may  add,  in  conclusion,  that  had  geologists  generally  the  oppor- 
tunity of  studying  Eozoon  in  situ,  in  good  exposures,  like  that  at 
St,  Pierre,  they  would  much  more  fully  understand  and  appreciate 
the  arguments  for  its  organic  nature,  than  when  they  have  had 
opportunities  of  examining  only  polished  specimens  and  slicest-     Its 

*  Trana.  Royal  Irish  Academy,  1871. 

t  I  have  been  sorry  to  find,  from  specimens  in  the  cabinets  of  my  friends,  that 
some  London  dealers  are  in  the  habit  of  circulating  specimens  labelled  "  Eozoon 
canadenae"  which  have  no  trace  of  the  structures  of  the  fossil,  but  are  either  badly 
preserved  acervuline  portions  or  merely  ordinary  serpentine  marble.  Such  speci- 
mens can,  of  course,  only  mislead,  and  may  produce  much  unnecessary  scepticism. 
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Stromatoporoid  masses,  projecting  from  the  weathered  beds  of  lime- 
stone, would  at  once  attract  the  attention  of  any  collector ;  and  the 
whole  conditions  of  its  occurrence,  whether  entire  or  in  fragments, 
are  precisely  those  of  fossil  corals  in  the  Silurian  limestones.  Fur- 
ther, the  symmetry  and  uniformity  of  its  habit  of  growth  are  much 
more  apparent  when  they  can  be  studied  in  large  specimens  prepared 
by  natural  weathering  or  by  treatment  with  an  acid. 

[Note  (Oct.  30). — Messrs.  Richardson  and  Weston,  of  the  Geolo- 
gical Survey,  have  recently  revisited  the  locality  of  Eozoon  at  Cdte 
St.  Pierre  mentioned  in  the  above  paper,  and  have  collected  some 
additional  specimens.  One  of  these  deserves  notice,  as  illustrating 
the  nature  of  Archoeosphcerince.     It  is  a  small  or  young  small  speci- 

Figs.  1—4. — Small  weathered  Specimen  of  Eozoon  from  Petite 
Nation, 
2 


Fig.  1.  Natural  size;  showing  general  form,  and  acervuline  portion  above  and 
laminated  portion  below. 

2.  Enlarged  casts  of  cells  from  upper  part. 

3.  Enlarged  casts  of  cells  from  the  lower  part  of  the  acervuline  portion. 

4.  Casts  of  saroode  layers  from  the  laminated  part;  enlarged. 

men,  of  a  flattened  oval  form,  2 \  inches  in  its  greatest  diameter,  and 
of  no  great  thickness  (fig.  1).  It  is  a  perfect  cast  in  serpentine,  and 
completely  weathered  out  of  the  matrix,  except  a  small  portion  of 
the  upper  surface,  which  was  covered  with  limestone  which  I  have 
carefully  removed  with  a  dilute  acid.     The  serpentinous  casts  of  the 
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chambers  are  in  the  lower  part  regularly  laminated ;  but  they  are 
remarkable  for  their  finely  mammillated  appearance,  arising  from 
their  division  into  innumerable  connected  chamberlets  resembling 
those  of  Archasosphmrina  (fig.  4).  In  the  upper  part  the  structure  be- 
comes acervuline,  and  the  chamberlets  rise  into  irregular  prominences, 
which  in  the  recent  state  must  have  been  extremely  finable,  and,  if 
broken  up  and  scattered  over  the  surfaces  of  beds,  would  not  be 
distinguishable  from  the  ordinary  ArchceospJumnas.  This  specimen 
thus  gives  further  probability  to  the  view  that  the  ArchceosphcBrince 
may  be  for  the  most  part  detached  chamberlets  of  Eozoon,  perhaps 
dispersed  in  a  living  state  and  capable  of  acting  as  germs.] 

EXPLANATION  OF  PLATE  X. 

Fig.  1.  Fragments  of  skeleton  of  Eozoon,  imbedded  in  dolomite  limestone, 
(a)  Fragment  with  canals,  (b)  Fragments  not  showing  canals.  (<?) 
Dolomite.  (Magnified  10  diameters.) 
%  Laminated  Eozoon,  with  vein  of  cbrysotiie.  (a)  Calcareous  wall,  slightly 
eroded  with  acid.  (6)  Serpentine  filling  chambers,  (c)  Chrysotil© 
vein  crossing  the  structures.    (10  diam.) 

3.  Portion  of  a  specimens  imilar  to  that  in  fig.  2 ;  a  very  thin  slice  more 

highly  magnified,  (a)  Intermediate  skeleton  with  portions  of  two 
large  canals,  (a')  Proper  wall  with  fine  tabulation,  (b)  Serpentine 
filling  chambers,  (c)  Cnrysotile  vein  traversing  serpentine.  (Magnified 
90  diam.) 

4.  Small  Archaoapharina,  showing  tubulated  wall.    (200  diam.) 

5.  6,  7,  8.  Archwospharitue,  casts,  as  opaque  objects,  of  some  of  the  varieties. 

(75  diam.) 
0  and  10.  Similar  specimens  seen  in  section.  (75  diam.) 

The  specimen  represented  in  fig.  4  is  from  Long  Lake ;  all  the  others  are 
from  Petite  Nation. 

Discussion. 

Prof.  Duncan  said  that  he  thought  the  author  had  run  the  mine- 
ralogists rather  hard.  For  his  own  part,  when  he  first  examined 
specimens  of  Eozoon  he  had  come  to  the  conclusion  that  they  were 
ancient  Foraminifera  with  Nummuline  peculiarities ;  and  since  he 
had  acquired  a  more  intimate  acquaintance  with  fibrous  minerals 
and  serpentines,  he  found  himself  more  than  ever  confirmed  in  this 
view.  The  discovery  of  isolated  masses  was  very  interesting,  seeing 
that,  whether  they  were  separated  fragments  or  distinct  organisms, 
they  still  showed  the  Nummuline  structure.  Prof.  Duncan  com- 
pared the  habit  of  growth  of  Eozoon  to  that  of  the  Nullipores,  and 
suggested  that  it  would  he  more  philosophical  to  refer  both  the 
latter  and  the  Foraminifera  to  Hackel's  group  "  Protista." 

Mr.  Etheridgb  remarked  upon  the  singular  fact  that  whilst,  as 
a  general  rule,  we  were  disappointed  in  obtaining  instructive  sec- 
tions of  Eozoon,  we  had  only  to  go  to  Dr.  Carpenter  to  see  sections 
which  seemed  to  be  convincing.  He  thought  tho  difference  of' 
opinion  that  prevailed  as  to  the  nature  of  Eozoon  was  due  mainly  to 
the  difficulty  that  certainly  existed  of  procuring  specimens  to  show 
the  so-called  tubuli  and  stolons.  He  stated  that  he  had  received 
from  Jersey  specimens  which  at  the  first  glance  he  said  were  like 
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Eozoon;  and  on  getting  sections  of  these  made,  organic  structure 
at  any  rate  seemed  to  be  present.  He  had  specimens  of  Stromato- 
pora  so  like  Eozoon  in  external  appearance,  that  Sir  W.  Logan  on 
seeing  them  immediately  mistook  them  for  the  latter. 

Prof.  Ramsay  said  that  he  was  pleased  to  find  that  there  might  be 
some  relation  between  Eozoon  and  Stromatopora.  For  his  own  part 
he  did  not  see  how  the  structure  described  as  Eozoon  could  have 
been  formed,  unless  it  was  of  organic  origin. 

Mr.  Evans  remarked  that,  it  seemed  to  him,  one  of  the  most 
interesting  points  of  the  paper  consisted  in  the  indication  (he 
believed,  for  the  first  time)  of  the  occurrence  of  possibly  separate 
organisms  associated  with  Eozoon.  They  apparently  bore  a  close 
resemblance  to  Globigerina;  and,  considering  the  conditions  of 
fossilization,  their  presence  seemed  to  confirm  the  notion  of  the 
organic  and  indeed  Foraminiferal  origin  of  Eozoon. 
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9.  Geological  Notes  from  the  State  of  New  York. 
By  T.  G.  B.  Lloyd,  Esq.,  C.E.,  F.G.S.     (Bead  June  23,  1875.) 

[Abstract.] 

The  following  notes  of  various  geological  facts  occurring  in  the 
northern  part  of  the  State  of  New  York  were  collected  during  a 
residence  there  some  five  or  six  years  ago. 

Grooves  and  Channellings,  Block  Hiver,  Watertown,  Jefferson 
County, 

The  grooves  and  channellings  which  are  seen  cutting  into  the 
ledge  of  birdseye  limestone  at  the  base  of  the  bank  of  sand,  grave), 
and  boulders,  pass  obliquely  across  the  bed  of  the  river. 

Fig.  1. —  View  of  the  Pulpit  Rock,  near  Oxbow,  Jefferson  Co.,  New 
Yorlc,  showing  remains  of  Giant9 s  Kettles  in  Laurentian  Granite. 


Further  down  stream,  beyond  the  railroad  bridge,  the  channel- 
lings were  discontinued ;  but  from  the  south  side  of  the  river  they 
continued  in  a  south-west  direction  to  Lake  Ontario,  a  distance  of 
about  10  miles,  according  to  Dr.  Emmons. 

Glacial  Phenomena  of  the  District  around  the  village  of  Theresa, 
Jefferson  Co. 

The  surfaces  of  the  Potsdam  Sandstone  and  of  the  Laurentian 
rocks,  between  Philadelphia  on  the  south-east  and  the  village  of 
Bedwood  on  the  north-east  of  Theresa,  are  grooved  and  striated  in 
a  direction  north-east  and  south-west,  corresponding  with  the  longer 
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axes  of  a  number  of  small  lakes  which  lie  between  Theresa  and 
Redwood.  Long  parallel  ridges,  from  100  to  200  feet  in  width,  of 
Lanrentian  gneiss  are  seen  on  the  high  ground  between  Philadelphia 
and  Theresa,  running  in  a  direction  about  N.N.E.  and  8.8. W.,  with 
the  strike  of  the  beds.  They  rise  some  40  or  50  feet  above  the  sur- 
rounding plain,  and  are  distant  from  each  other  about  |  mile.  The 
beds  composing  the  ridges  vary  in  dip  from  about  75°  to  90°.  The 
surfaces  exhibit  well-marked  grooves  and  striro.  Hog's-backs  of 
gneiss,  with  their  steeper  ends  facing  the  south-west,  rise  here  and 
there  above  the  surface  of  the  ground.  A  stiff,  tenacious  sandy 
clay  ("  Till ;"  D  in  table  below),  containing  rounded  boulders,  chiefly 
of  local  origin,  forms  a  capping  to  the  ridges. 

In  the  valley  of  Indian  River,  below  the  village  of  Theresa,  the 
base  of  the  cliff  is  grooved  in  a  manner  somewhat  similar  to  that 
observed  on  Black  River. 

Tabular  List  of  Beds. 

JL  Light  red  dry  sandstone  (laminated) ;  containing  thin  seams  of  carbonaceous 
matter,  and  rounded  lump*  of  clay  in  layers. 

B.  Dark  brown  and  bluish-coloured  sandy  clays  (laminated),  containing  occa- 

sional seams  of  light  red  sand,  without  boulders. 
Bl.  Dark  red  unstratifiea  clay  without  boulders. 

C.  Beds  of  mainly  unratified  gravel,  clay,  and  sand,  containing  boulders. 

D.  A  tough  sandy  clay  with  rounded  and  some  angular  boulders  (see  Croskey's 

definition  of  boulder-clay).     The  bed-rock  of  sandstone  or  gueiss  is 
rounded,  smoothed,  and  grooved,  and  marked  with  fine  parallel  striae. 

The  beds  (A)  occur  at  the  head  of  the  valley  near  Theresa, 
about  \  mile  south  of  the  entrance  of  the  gorge  of  Indian  River. 
They  were  about  20  feet  in  thickness,  and  rested  partly  on  the  bed- 
rock of  gneiss  and  on  the  surface  of  the  bed  B.  The  sand  was 
laminated,  and  showed  in  places  oblique-current  action ;  besides  the 
thin  seams  of  carbonaceous  matter,  it  contained  seams  of  rounded 
nodules  of  day,  not  concretionary.  They  varied  in  size  from  a 
walnut  to  a  duck's  egg ;  the  clay  composing  them  was  like  that  of 
bedB. 

It  is  probable  that  B  and  B1  are  only  varieties  of  the  same  deposit. 

C  and  B  only  differ  in  the  relative  proportions  of  their  constituents. 

Summary  of  preceding  Observations. 

1.  The  persistent  direction  of  the  groovings  and  striations  of  the 
surface  rocks  over  a  considerable  space. 

2.  The  coincidence  of  the  directions  of  the  groovings  &c.  with 
the  longer  axes  of  most  of  the  lakes  of  the  district,  and  with  the 
general  course  of  Indian  River. 

3.  The  local  character  of  the  boulders. 

4.  The  directions  and  forms  of  the  parallel  ridges  and  hog's-backs 
or  roches  moutonnees. 

The  ridges  and  troughs  are  quite  distinct  from  the  undulations  in 
the  Lanrentian  group  so  common  in  other  parts  of  North  America. 
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Giant's  Kettle  near  Oxbow,  Jefferson  Co. 

The  cliff  on  the  face  of  which  the  section  of  the  kettle  is  exposed, 
has  been  named  the  Pulpit  Rock,  from  the  circumstance  that  the 
preachers  of  old  used  to  hold  forth  from  the  interior  of  the  kettle 
during  their  open-air  meetings. 

The  drawing  (fig.  1),  for  which  I  am  indebted  to  the  kindness  of 
Mr.  Buddie,  F.G.S.,  was  made  from  a  rough  sketch  taken  on  the  spot. 

The  rock  is  of  Lauren ti an  granite,  and  is  situated  on  the  western 
side  of  a  dry  valley  460  feet  wide.  Its  upper  surface  is  about  70  feet 
above  the  road,  and  about  100  feet  above  the  river  Oswegatchie. 

Besides  the  large  kettle  there  were  faint  outlines  of  two  others, 
situated  at  a  higher  level  than  the  principal  one. 

Pig.  2  is  a  section  through  the  centre  of  the  kettle  in  a  direction 
corresponding  with  the  face  of  the  rock.  On  the  line  C  D  it  formed 
about  three  quarters  of  a  circle ;  on  A  B  it  was  nearly  semicir- 
cular.    A  spiral  groove  ascended  from  right  to  left,  as  high  as  the 

Fig,  2. — Section  of  Giants  Kettle  in  Laurentian  Granite  in  the 
Pulpit  Rock  near  Oxbow.    (Scale  ^  inch  to  1  foot) 


point  P.  The  talus  outside  mainly  consisted  of  the  large  mass  of 
stones  which  formerly  occupied  the  bottom  of  the  kettle.  Its 
resemblance  to  the  kettles  figured  in  Quart.  Journ.  Geol.  Soc,  voL 
xxx.  pp.  767,  769,  figs.  4  &  6,  will  be  apparent. 

Flowerpot-sliaped  Blocks  of  Sandstone,  Theresa,  Jefferson  Co. 

The  quarry  from  which  the  blocks  were  extracted  was  situated  on 
a  high  cliff  of  Potsdam  sandstone,  overlooking  the  gorge  of  Indian 
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River.  The  beds  of  Potsdam  sandstone  passed  from  a  fine-grained 
grit  into  a  quartzite,  the  grains  of  which  could  not  be  distinguished 
without  a  lens.  The  upper  surfaces  of  the  beds  were  ripple-marked. 
At  a  depth  of  about  6  or  8  feet  below  the  surface  the  peculiarly 
shaped  blocks,  or  columns,  were  discovered.  I  observed  a  few  lying 
about,  which  had  been  extracted  by  the  quarrymen ;  one  of  the 
largest  was  2  feet  high,  2  feet  in  diameter  at  upper  surface,  and  \\ 
foot  on  the  lower  surface.  They  were  broken  off  at  the  lines 
separating  the  beds  of  sandstone.  They  corresponded  exactly  in 
texture  and  colour  with  the  surrounding  rock.  On  the  edges  of  the 
blocks  were  thin  layers  of  oxide  of  iron,  easily  detached  by  a  blow. 
The  surrounding  rock  was  here  and  there  streaked  with  the  same 
substance.  A  short  distance  away  from  the  quarry  was  a  large 
mass  of  rock  of  a  similar  shape,  and  about  5  feet  in  diameter,  which 
had  apparently  been  dislodged  from  a  hole  close  by  it.  There  were 
no  markings  on  the  surface  of  the  blocks.  Prof.  James  Hall,  of  Al- 
bany, informed  me  that  the  true  nature  of  the  blocks  was  doubtful. 
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10.  The  Drift  of  Devon  and  Cornwall,  its  Origin,  Correlation 
with  that  of  the  South-east  of  England,  and  Place  in  the 
Gucial  Series.  By  Thomas  Belt,  Esq.,  E.G.S.  (Read  No- 
vember 3, 1875.) 

[Abridged.] 

1.  Introduction. — If  we  separate  the  southern  counties  from  the 
rest  of  England  by  a  line  following  up  the  Thames  to  near  Ciren- 
cester, then  along  the  southern  boundary  of  Gloucestershire  to  the 
Severn  at  the  mouth  of  the  Avon,  we  get  an  irregular  strip  of 
country,  shaped  somewhat  like  a  fish,  of  which  Kent  forms  the 
head,  and  Cornwall  the  tail.  Excepting,  perhaps,  some  of  the 
hills  of  Somersetshire,  this  part  of  England  appears  to  have  been 
entirely  free  from  the  action  of  land-ice  in  the  Glacial  period; 
and  there  are  no  glaciated  rock-surfaces,  no  true  till,  and  no  mo- 
raines. Along  with,  and,  as  I  believe,  in  consequence  of,  this 
freedom  from  ice-action,  there  is  also  an  utter  absence  of  those  frag- 
mentary marine  shells  which,  further  north,  are  found  in  drift  on 
both  the  eastern  and  western  coasts,  where  the  great  streams  of  ice 
from  the  north,  after  crossing  arms  or  channels  of  the  sea,  advanced 
upon  the  land — and  the  presence  of  which,  as  they  are  never  found 
above  heights  to  which  the  circumpolar  ice  reached,  and  for  other 
reasons  I  have  urged,  is  due,  not  to  the  submergence  of  the  land 
beneath  the  ocean,  but  to  portions  of  the  ocean-bed  having  been 
carried  up  by  the  rising  ice*. 

The  purpose  of  the  present  paper  is  to  describe  the  surface-geology 
of  the  counties  of  Devon  and  Cornwall,  to  examine  the  theories  that 
have  been  proposed  to  account  for  the  origin  of  the  drift  beds,  to  give 
my  own  views  on  the  same  question,  and  to  support  them  by  apply- 
ing the  theory  to  the  drift  beds  of  the  whole  of  the  south  of 
England. 

2.  Drift  beds  of  Devon  and  Cornwall. — The  superficial  deposits 
of  Devon  and  Cornwall  consist  of  two  divisions : — a.  Upland  de- 
posits (on  the  tops  and  sides  of  hills,  mostly  more  than  300  feet  above 
the  present  sea-level,  and  reaching  up  to  about  1200  feet;  these 
consist  of  gravels,  clays,  and  transported  boulders  left  in  frag- 
mentary patches,  and  evidently  have  had  at  one  time  a  much 
greater  extension) ;  b.  Lowland  deposits  (gravels,  clays,  and  boulders 
spread  out  in  more  persistent  and  regular  beds  at  low  levels ;  they 
are  most  strongly  developed  in  the  valleys,  but  are  not  confined  to 
them). 

a.  Upland  deposits. — The  whole  of  the  surface  of  Dartmoor  is 
sprinkled  over  with  large  blocks  of  granite,  some  of  which  are  of 
enormous  size.  On  the  road  from  Tavistock  to  Princetown,  about  a 
mile  west  of  Merriville  bridge,  one  of  the  numerous  excavations 
made  in  search  of  stream-tin  exhibits  the  following  section : — 

*  Nature,  May  14  k  28, 1874. 
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Fig.  1. — Diagram  Section  of  Excavation  made  in  search  of  Stream-tin. 


i*^xg&&~^*-'-  "^* 


«.  Soft  decomposed  granite,    b.  Stratified  granite  sand.    c.  Gravels  and  sand 
with  boulders,    d.  Large  blocks  of  granite  lying  on  the  surface. 

Many  other  sections  in  the  old  stream-tin  workings  and  in  the 
banks  of  rivulets  show  a  similar  succession,  If  the  blocks  of  granite 
had  been  left  by  the  decomposition  of  softer  portions  of  the  bed-rock, 
they  would  have  rested  upon  it.  Neither  can  they  have  slipped 
down  from  the  "  tors  "  that  crown  many  of  the  hills ;  for  they  are 
not  confined  to  the  slopes,  but  are  spread  out  over  the  level  ground 
as  well,  neither  are  they  concentrated  at  the  bottom  of  slopes, 
as  they  would  have  been  by  such  an  action.  Here  and  there  two 
or  three,  or  even  a  dozen  may  be  crowded  together ;  but  generally 
they  are  separated  from  each  other. 

Near  to  Okehampton,  on  the  northern'part  of  the  moors,  the  bed- 
rock is  composed  of  hardened  shales  and  sandstones.  The  sides  of 
the  hills  are  covered  with  a  stony  clay,  sometimes  as  much  as  30 
feet  in  thickness,  containing  many  large  angular  blocks  of  stone, 
especially  near  to,  and  on,  the  surface.  Amongst  these,  blocks  of 
granite,  that  must  have  been  brought  at  least  two  miles,  are  not 
unfrequent. 

On  the  eastern  side  of  Dartmoor,  Mr.  G.  W.  Ormerod  has  noticed 
beds  of  gravel  reaching  up  to  about  900  feet  above  the  sea,  and 
has  given  instances  of  many  transported  blocks  of  granite  and  Car- 
boniferous rocks.  Thus,  to  the  east  of  Cranbrook  Castle  (1110  feet 
above  the  sea)  and  near  Wooston  Castle,  large  transported  granitic 
blocks  overlie  the  Carboniferous  beds.  On  the  Newton  and  Moreton- 
Hampetead  Railway,  fragments  of  granite  are  spread  over  the  Car- 
boniferous strata ;  and  gravel  formed  of  elvanic  and  Carboniferous 
rocks  occurs  at  Kiddy  Hill,  its  nearest  point  of  derivation  being  on 
the  opposite  side  of  the  valley  *.  Mr.  George  Maw  has  described 
the  occurrence  at  Petroclistow,  near  the  centre  of  the  county,  of  an 
isolated  bed  of  gravel,  composed  almost  entirely  of  the  detritus  of 
Dartmoor  granite,  twelve  miles  distant  from  the  nearest  granitic 
mass,  and  considers  that  it  can  only  be  accounted  for  by  an  amount 
of  submergence  covering  the  whole  of  the  ridges  t- 

In  one  of  the  many  able  communications  Mr.  D.  Mackintosh  has 
made  on  the  Glacial  beds,  he  has  advanced  arguments  to  prove  that 


*  Quart  Joura.  Geo!  Soc.  vol.  xxiii.  p.  418. 
Q.J.G.S.  No.  125. 


t  Ibid.  vol.  xx.  p.  461. 


Digitized  by  VjOOQ IC 


82  T.  BELT  ON  THE  DRIFT  OF  DEVON  AND  CORNWALL. 

the  blocks  of  granite  spread  over  Dartmoor  must  have*been  carried  by 
currents  of  water  and  floating  ice  *.  The  experienced  glucialist  Mr.  J. 
F.  Campbell  also  bettered  that  the  denudation  of  the  tors  was  due  to 
floating  icef.  Many  miles  to  the  east,  on  the  Haldon  Hills,  gravels 
are  found  containing  pebbles  of  granite  and  other  crystalline  rocks, 
mingled  with  chalk  flints  and  chert.  At  Little  Haldon  Mr.  Mackin- 
tosh found  the  gravels  10  feet  thick,  extending  down  the  sides  of 
the  hill,  proving  that  it  had  its  present  contour  before  they  were 
deposited.  The  top  of  Little  Haldon  is  about  800  feet  above  the 
sea  ;  and  the  gravels  extend  over  its  summit. 

Gravels  with  foreign  pebbles  are  found  on  Straightway  Hill,  and  on 
the  summits  of  the  hills  surrounding  the  vale  of  Charm  on  th  J.  Mr. 
H.  B.  Woodward  has  kindly  furnished  me  with  much  information 
respecting  the  drift-gravels  that  cover  the  Black-Down  Hills,  first 
described,  I  believe,  by  Dr.  Buckland. 

The  bed-rocks  belong  to  the  Greensand  formation ;  and  on  the  tops 
of  the  hills,  at  heights  of  from  600  to  700  feet  above  the  sea,  occur 
patches  of  gravel  with  large,  well-worn  boulders  of  chert,  large 
pebbles  of  quartz,  rolled  flints,  and  a  few  boulders  of  quartzite§. 
Mr.  Woodward,  in  a  letter  to  me,  says : — "  The  occurrence  of  old 
pebbles  in  a  clayey  drift  on  the  tops  of  the  Greensand  heights  is  the 
more  important  because,  on  the  palaeozoic  rocks  of  Devonshire,  it  is 
often  very  difficult  to  decide  between  a  drift  gravel  and  the  disin- 
tegrated conglomerates  of  the  New  Bed  series." 

In  Cornwall,  upland  gravels  occur  on  Crousa  Downs,  near  St. 
Keverne,  and  blocks  of  syenite  are  spread  over  the  surface  of  them  f|. 
On  the  isolated  hill  of  St.  Agnes,  on  the  northern  coast,  Mr.  Bene- 
dict Kitto  has  described  gravels  containing  angular  and  waterworn 
stones  covered  by  clay,  and  that  again  by  rubble  and  rounded 
pebbles  %. 

When  the  nature  of  the  evidence  is  fully  understood,  there  is  not 
likely  to  be  any  difference  of  opinion  respecting  the  agent  that  trans- 
ported the  travelled  blocks  of  Devon  and  Cornwall.  The  probability 
that  they  have  been  carried  by  floating  ice  is  great,  and  is  enhanced  by 
the  occurrence  of  rounded  pebbles.  These  require  for  their  forma- 
tion the  presence  of  water ;  and  granting  the  existence  of  this  up  to 
the  heights  at  which  they  are  found,  we  may  easily  imagine  that,  in 
the  Glacial  Period,  coast  ice  would  form  round  the  shores  in  winter, 
and  float  off  pebbles  and  boulders  in  the  spring. 

6.  Lowland  deposits. — The  Upland  deposits  are  separated  from 
those  of  lower  levels  by  tracts  over  which  no  gravels  are  now  found. 
They  are  distinguished  from  the  Lowland  deposits  by  evidence  of 
tranquil  deposition,  whilst  those  in  the  lower  grounds  occur  spread 
out  in  wide  sheets,  exhibiting  many  signs  of  sudden  and  tumultuous 

*  Geological  Magazine,  vol.  iv.  p.  399.  t  Frost  and  Fire,  vol.  ii.  p.  220. 

1  Sir  H.  T.  De  la  Beche,  Report  on  the  Geology  of  Cornwall,  p.  395. 
J  Mr.  H.  B.  Woodward,  Geological  Magazine,  1874,  p.  335. 
I  Bev.  E.  Budgo,  Trans.  Roy.  Soc.  Cornwall,  vol.  vi.  p.  97 ;  and  Sir  H.  T. 
De  la  Beche,  Report  on  the  Geology  of  Cornwall,  p.  396. 
%  Miners'  Assoc.  Cornwall  and  Devon,  August,  1874. 
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formation.  Oh  the  hills  large  stones  are  found  scattered  over  the 
surface ;  in  the  Lowland  deposits  they  occur  at  the  bottom  of  the 
gravels.  In  Cornwall,  the  stream-tin  is  found  at  the  bottom  of  the 
gravel,  along  with  rocks  of  quartz  of  great  size.  In  1830,  Mr. 
Joseph  Came  urged  that  the  occurrence  of  the  stream-tin  invariably 
at  the  bottom  of  the  gravels  proves  that  the  whole  of  the  materials 
had  been  in  motion  at  once,  and  that  these  deposits  furnish  the 
strongest  evidence  of  a  sweeping  inundation  *. 

In  this  view  Mr.  Came  followed  Prof.  Sedgwick,  who,  fifty  years 
ago,  had  satisfied  himself  that  the  gravels  had  been  spread  out  by  a 
great  debacle  f.  Mr.  Carne  supported  this  theory  with  great  ability, 
and  referred  to  the  fact  that  all  the  productive  stream-tin  works 
were  situated  in  valleys  opening  to  the  south,  whilst  the  richest  tin 
veins  are  situated  near  the  northern  coast,  and  concluded  that  a  deluge 
of  water  from  tho  north  had  swept  the  tin  into  the  southern  valleys. 
Sir  H.  De  la  Beche  fully  concurred  in  this  conclusion,  and  furnished 
additional  arguments  in  its  support.  He  says  that  any  detritus  that 
existed  previously  to  the  deposition  of  the  stanniferous  gravels  ap- 
pears to  have  been  "  fairly  washed  out  by  a  mass  of  water  rushing 
over  the  land,  rolling  and  driving  various  loose  materials  before  it, 
and  allowing  the  tinstone,  from  its  greater  specific  gravity,  to  be 
strewed  along  the  bottom  "  J. 

In  Devonshire,  in  every  valley  there  is  a  repetition  of  the  same 
facts — a  scouring  out  of  their  upper  reaches  of  all  loose  materials, 
which  are  spread  out  in  great  sheets  towards  their  mouths.  In  the 
valleys  of  the  Teign  and  its  tributaries,  there  are  some  of  the  largest 
accumulations  of  gravel  in  Devonshire ;  and  we  have  distinct  evi- 
dence that  it  was  not  deposited  during  the  excavation  of  the 
valleys,  but  that  the  latter  were  formed  long  before  Miocene  or  prae- 
Miocene  times ;  for  at,  and  near,  the  junction  of  the  Bovey  river 
with  the  Teign  are  found  the  Bovey-Tracey  lignites  of  Miocene  age, 
lying  in  the  valleys  and  covered  by  the  lowland  gravels.  The  Bovey- 
Tracey  lignites  have  been  bored  through  to  a  depth  of  200  feet  with- 
out the  bottom  of  the  old  prse-Miocene  valley  being  reached.  The 
drift-beds  extend  up  the  sides  of  the  valleys,  and  to  the  tops  of  the 
ranges  bounding  them. 

3.  Theories  ov  origin. — The  facts  to  be  explained,  not  only  in 
Devon  and  Cornwall,  but,  as  we  shall  see,  over  the  whole  of  the 
south  of  England,  are : — (1)  gravels  containing  travelled  boulders, 
on  the  sides  and  tops  of  hills  up  to  about  1200  feet  above  the  sea ;  (2) 
denudation  of  the  surface-gravels  from  an  intervening  tract  between 
the  Upland  and  Lowland  deposits ;  (3)  in  the  lowlands,  especially 
in  the  valleys  within  100  feet  above  the  level  of  the  sea,  a  wide 
Bpreading-out  of  gravels  that  show  signs  of  sudden  and  tumultuous 
deposition. 

Subaerial  denudation  could  not  produce  the  hill-gravels  containing 
rocks  brought  from  a  distance.     Nor  could  the  deposits  lying  on  the 

#  Trans.  Boy.  Soc.  Cornwall,  vol.  it.  p.  47. 

t  Annals  of  Philosophy,  vol.  ix.  p.  241. 

t  Geology  of  Cornwall,  pp.  396,  398,  &  410. 
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sides  of  the  valleys  have  been  left  there  during  their  excavation  ;  for 
as  we  have  seen,  the  configuration  of  the  country  dates  back  at  least 
to  early  Tertiary  times. 

Water  must  have  been  present  to  form  the  gravels  of  Dartmoor 
up  to  about  1200  feet  above  the  sea,  and  also  to  allow  ice  to  trans- 
port the  erratic  blocks.  Was  the  water  that  of  the  ocean,  or  of  a 
great  freshwater  lake  ?  With  respect  to  the  area  in  question,  there 
is  this  insuperable  objection  to  the  theory  of  marine  submergence, 
that  over  the  whole  district  no  marine  beaches,  and  not  a  single 
marine  organism  has  been  found,  excepting  within  a  few  feet  of  the 
present  sea-level.  Nor  can  sea-shells  have  once  existed  in  the  de- 
posits, and  been  since  destroyed ;  for  mammalian  remains  and  land 
and  freshwater  shells  are  preserved ;  and  any  agency  that  would  have 
obliterated  the  traces  of  the  one,  would  not  have  spared  the  others. 

After  much  study  of  this  question,  not  only  with  regard  to  the 
part  of  the  country  now  under  consideration,  but  with  reference  to  the 
erratic  blocks  and  the  stratified  and  terraced  gravels  of  nearly  the 
whole  of  Northern  Europe,  the  only  theory  I  can  find  that  meets 
all  the  facts  of  the  case  and  deals  with  all  its  difficulties,  is : — 
(1)  that  at  the  height  of  the  Glacial  Period  the  bed  of  the  Atlantic 
was  occupied  by  ice  flowing  from  the  north- west,  from  the  direction 
of  Greenland,  reaching  the  coast  of  Europe  either  at  Brest  or 
some  other  point  further  south,  and  damming  back  the  whole  of  the 
drainage  of  northern  Europe  into  an  immense  lake  of  fresh  water, 
which,  at  its  greatest  extension,  reached  to  a  height  of  at  least  1200 
feet  above  the  present  level  of  the  sea ;  (2)  that  this  lake  was  gra- 
dually lowered  for  some  hundreds  of  feet,  probably  by  the  deepening 
of  a  channel  of  outlet,  and  then  suddenly  and  completely  drained 
by  the  breaking  away  of  the  ice- dam  causing  an  enormous  flood  or 
debacle ;  (3)  that  the  complete  denudation  of  the  detritus  from 
the  low  grounds  was  prevented,  and  its  outspread  in  great  sheets 
caused,  by  the  outflow  of  the  waters  being  checked  by  the  immense 
area  drained  through  the  single  outlet  of  die  British  Channel. 

In  some  Alpine  lakes  caused  by  glaciers,  the  waters  periodically 
break  away,  and  are  again  pent  up  by  the  readvance  of  the  ice ;  and 
so  it  is  possible  that  a  series  of  floods  might  be  caused  by  the  great 
Atlantic  glacier.  But  I  can  find  no  evidence  of  more  than  one 
debacle  in  the  southern  counties,  and  I  am  inclined  to  agree  fully 
with  the  conclusion  that  Professor  Sedgwick  arrived  at  fifty  years 
ago — that  "  diluvial  torrents  have  swept  over  the  land,  driving  be- 
fore them  enormous  masses  of  gravel,"  and  that  "  all  the  diluvial 
detritus  originated  in  the  same  system  of  causes,  which,  having  pro- 
duced their  effects,  were  never  repeated  "  *.  If,  however,  I  were 
discussing  the  origin  of  the  glacial  beds  north  of  the  Thames,  I 
should  have  to  show  that  although  there  is  evidence  of  only  one 
sudden  and  tumultuous  discharge  of  the  waters,  yet,  after  the 
deb&cle  so  caused  had  occurred,  they  rose  again,  but  were  this  time 
more  quietly  lowered. 

Completely  as  this  theory  seems  to  explain  the  production  and 
*  Annals  of  Philosophy,  vol.  ix.  p.  248. 
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distribution  of  the  surface  deposits,  I  was  not  led  to  adopt  it  on 
that  account  alone,  but  because,  in  addition,  I  found  abundant  evi- 
dence that  the  ice  from  the  north  had  moved  down  the  bed  of  the 
Atlantic,  and  from  the  direction  of  Greenland  as  its  chief  gathering- 
point.  Thus  Newfoundland  is  glaciated  from  the  north-east,  and 
the  ice  advanced  up  the  valley  of  the  St.  Lawrence,  and  forced  the 
drainage  from  the  great  lakes  to  run  into  the  basin  of  the  Missis- 
sippi. Even  so  far  westward  as  the  Lake  of  the  Woods,  we  learn 
from  Mr.  G.  M.  Dawson's  elaborate  and  instructive  report,  that  the 
ice  moved  persistently  from  the  north-east*.  The  whole  of  Cape 
Cod  is  a  great  moraine,  proving  that  the  bed  of  the  Atlantic  was 
occupied  by  ice  several  degrees  of  latitude  further  south  than  is  re- 
quired on  the  European  side  of  the  basin  to  block  up  the  English 
Channel. 

In  the  Old  World  I  found  that  the  ice  had  advanced  upon  Siberia 
from  the  north,  had  overridden  Iceland,  the  Hebrides,  and  the  north 
of  Scotland  from  the  north-west,  and  at  the  extreme  south-west  of 
Ireland  was  2000  feet  thick.  Mr.  T.  F.  Jamieson  has  clearly  shown 
that  the  ice  that  glaciated  Caithness  came  from  the  north-west,  and 
not  from  the  south-east,  as  had  been  supposed  by  Mr.  Croll.  The 
Shetland  Isles  are  too  small  to  have  borne  local  glaciers ;  yet  we  find 
from  the  interesting  observations  of  Mr.  C.  W.  Peach  that  they  are 
hugely  glaciated.  On  Lerwick  he  found  the  grooves  and  striae 
pointing  north  and  south,  and  that  the  drift  had  evidently  come  from 
the  north.  In  North  Uist  he  found  great  ruts  and  scorings  pointing 
W.N.W.  On  reaching  the  top  of  Muckle  Heog,  500  feet  above  the 
sea,  he  found  the  W.N.W.  end  vertical  and  polished  down  to  at  least 
150  feet  from  the  top.  To  what  agent  can  we  ascribe  the  glaciation 
of  these  islets,  excepting  an  immense  body  of  ice  moving  from  the 
north-west  t? 

Greenland  is  now  covered  with  ice ;  and  this  theory  assumes  that  in 
the  Glacial  Period  ice  advanced  from  that  direction,  and  flowed  furthest 
down  the  deepest  channel,  which  was  the  bed  of  the  Atlantic.     That 

*  Report  on  the  Geology  of  the  region  in  the  vicinity  of  the  49th  parallel, 
1875.  Map  showing  Glacial  markings.  I  am  indebted  to  Prof.  Hall  for  infor- 
mation about  Cape  Cod. 

t  For  Caithness  see  Quart.  Journ.  Geol.  Soc.  vol.  xxii.  p.  261 ;  and  for  the 
Shetland  Isles,  Geological  Magazine,  1865.  So  long  ago  as  1852,  Dr.  Robert 
Chambers,  in  a  remarkably  able  paper  read  before  the  Royal  Society  of  Edin- 
burgh, and  published  in  full  in  the '  Edinburgh  Philosophical  Journal '  for  1853, 
urged  that  the  whole  of  the  glaciation  of  Scotland  could  not  have  been  produced 
by  ice  gathering  on  the  mountain-chains,  as  they  themselves  had  been  overrid- 
den, and  that  the  ice  that  had  left  the  highest  markings  had  flowed  from  the 
north-west.  He  argued  that  both  the  hills  and  valleys,  including  the  lake- 
basins  of  Sutherland  and  Ross-shire  were  due  to  the  erosion  of  the  rocks  by  an 
immense  body  of  ice  that  had  moved  down  upon  Scotland  from  the  north-west. 
Mr.  T.  F.  Jamieson,  in  his  valuable  papers  on  the  Glacial  Period,  published  in 
the  Journal  of  this  Society,  has  also  mentioned  many  facts  pointing  to  a  flow 
of  ice  from  this  direction  ;  but  Mr.  James  Geikie,  m  the  otherwise  very  com- 
plete account  of  the  glacial  phenomena  of  Scotland  in  his  '  Great  Ice  Age/  has 
not  discussed  this  important  question,  though  many  of  the  facts  mentioned  by 
him,  such  as  the  blocking-up  of  the  Clyde  valley,  would  receive  an  easy  solution 
by  this  theory. 
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ice  from  the  north  could  have  scored  the  eastern  sides  of  the  Ameri- 
can hills,  nearly  at  right  angles  to  the  slope  of  the  continent,  or 
have  been  forced  tip  the  valley  of  the  St.  Lawrence,  before  the  ocean- 
depression  was  filled,  seems  as  improbable  as  that  it  should  flow 
along  the  ridges  of  the  Alps,  and  not  down  the  valleys.  Doubtless 
the  culmination  of  the  Glacial  Period  was  preceded  and  followed  by 
both  local  and  continental  ice  systems ;  but,  in  addition  to  these 
agencies,  there  is  required,  to  explain  the  grander  phenomena,  the 
action  of  circumpolar  ice  filling  the  northern  part  of  the  Atlantic 
basin  down  to  about  latitude  39°  on  the  American  side,  and  about 
latitude  40°  on  the  European  side. 

The  main  feature  of  the  Glacial  theory  that  I  advocate  is,  that 
the  glaciation  of  North-eastern  America  and  North-western  Europe 
was  principally  due,  not  to  local  and  continental  ice,  but  to  that 
filling  the  northern  part  of  the  Atlantic  basin,  and  blocking  up  the 
drainage  of  the  continents  as  far  as  it  extended.  The  theory  re- 
quires no  intcrglacial  periods,  no  oscillations  of  the  earth's  surface ; 
yet  I  know  not  of  any  fact  in  the  composition  and  distribution  of 
the  glacial  beds  on  either  side  of  the  Atlantic  that  does  not  find  in  it 
a  natural  and  easy  interpretation. 

4.  Correspondence  with  the  drift  op  the  south-east  of 
England. — It  is  clear  that,  if  this  theory  is  correct,  evidence  of  the 
existence  of  the  great  lake  and  of  its  sudden  and  torrential  discharge 
ought  to  be  found  over  the  whole  of  the  vast  area  its  waters  once 
covered.  I  have  found  this  evidence  over  much  of  Northern  Europe, 
and  in  our  own  country,  up  the  valley  of  the  Severn,  and  over  the 
whole  of  the  eastern  coast :  but  in  this  paper  I  confine  myself  to  the 
south  of  England,  as  I  thus  avoid  questions  connected  with  the 
former  presence  of  land  ice,  and  with  what  many  geologists  consider 
evidence  of  marine  submergence.  I  shall  pass  rapidly  in  review 
the  surface  geology  of  the  rest  of  the  southern  counties. 

Dorsetshire. — Upland  deposits  have  been  described  on  the  Black 
Downs,  to  the  S.W.  of  Dorchester,  at  Preston  and  Osmington,  and 
in  the  Admiralty  quarries  on  the  top  of  the  Isle  of  Portland*.  The 
latter  are  remarkable,  as  they  overlie  remains  of  Elepkas  primi- 
genius  and  E.  antiquus.  The  raised  Beach  with  marine  shells  at 
Portland  Bill  is  covered  with  the  Lowland' deposits,  which  appear  to 
have  been  suddenly  and  tumultuously  produced.  Prof.  Prestwich 
believes  they  were  formed  by  the  transient  passage  of  a  body  of 
water  sweeping  the  land  detritus  down  to  the  shore-line,  and  to  a 
certain  distance  beyond  it — a  conclusion  identical  with  that  arrived 
at  by  Sedgwick  and  De  la  Beche  with  regard  to  the  Lowland  deposits 
of  Cornwall. 

Hants  and  Wilts. — The  superficial  deposits  of  these  counties  have 
been  admirably  described  by  Mr.  Codrington  f.  The  gravels  are 
nofconfined  to  the  valleys,  but  cover  the  plateaux  between  them  up  to  a 
height  of  420  feet  above  the  sea,  and  extend  in  width  for  a  distance 
of  20  miles.    At  Milford  Hill,  near  Salisbury,  Upland  gravels  from 

*  Prof.  Prestvich,  Quart  Journ.  Gteol.  Soc.  vol.  xxxi.  p.  29. 
t  Quart.  Journ.  Geol.  Soo.  vol.  xxvi.  p.  528. 
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10  to  12  feet  in  depth  contain  palaeolithic  flint  implements,  which 
occur  principally  at  the  hase  of  the  deposit. 

Sussex,  Kent,  and  Surrey. — Sir  Roderick  Murchison  very  fully 
described  the  surface  geology  of  these  counties,  and  followed  Sedg- 
wick and  De  la  Beche  in  ascribing  the  formation  of  the  Lowland 
deposits  to  cataclysms!  action.  Of  late  years,  however,  the  evidence 
that  abounds  of  violent  and  tumultuous  deposition  has  been  almost 
ignored  under  the  influence  of  the  teachers  of  the  theory  of  subaerial 
denudation. 

In  the  distribution  of  the  gravels  between  the  escarpments  of  the 
North  and  South  Downs  there  are  two  points  to  be  explained — the 
complete  denudation  of  many  large  tracts  lying  above  200  feet  above 
the  sea,  and  the  outspread  of  the  gravel  in  great  sheets  below  that 
level  and  especially  below  100  feet  above  the  sea.  To  the  former 
of  these  distinct  yet  complementary  phenomena  my  attention  was 
first  drawn  by  Mr.  J.  H.  Farrer,  who  pointed  out  to  me  from  the 
top  of  Hawkhurst  Down  the  remarkable  absence  of  flints  from 
between  the  chalk  escarpment  and  the  top  of  Leith  Hill,  and  urged 
that  if  the  Chalk  that  once  covered  the  greensand  slope  had  been 
removed  by  subaerial  denudation,  the  flints  would  still  have  been  left 
behind,  and  asked  what  force  had  cleared  them  away.  In  every 
county  of  the  area  to  which  this  paper  is  confined  there  are  Upland 
gravels,  with  transported  stones,  showing  signs  of  gradual  and 
tranquil  deposition,  and  Lowland  gravels  affording  evidence  of  sud- 
den and  tumultuous  formation.  Nowhere  are  there  any  marine 
remains  or  old  sea-beaches,  excepting  near  the  present  shore-line. 
In  Cornwall  and  in  Devon,  as  well  as  in  Sussex  and  Surrey,  inde- 
pendent observers,  including  the  most  illustrious  of  our  geologists, 
have  published  their  convictions  that  great  currents  of  water  poured 
across  the  country.  I  do  not  know  what  other  geological  conclusion 
has  more  evidence  to  support  it.  Yet  because  no  acceptable  theory 
has  been  advanced  to  account  for  the  origin  of  such  a  tumultuous 
and  overwhelming  flood,  the  evidences  of  its  occurrence  have  of  late 
been  neglected.  Can  we  have  a  stronger  argument  of  the  necessity 
of  a  good  theory  of  origin  to  enable  us  to  appreciate  the  importance 
of  the  facts  with  which  we  have  to  deal  ? 

5.  Classification  of  the  glacial  phenomena. — I  have  in  former 
papers*  urged  that  Mr.  Alfred  Tyler's  theory  that  the  sea-level 
was  greatly  lowered  in  the  Glacial  period  through  the  vast  quantity 
of  water  that,  in  the  form  of  ice,  was  piled  up  around  the  poles  is 
borne  out  by  much  geological,  physical,  and  biological  evidence. 
Possibly  a  point  of  departure  for  the  commencement  of  the  Glacial 
period  may  be  found  in  the  first  evidence  of  the  lowering  of  the  sea- 
level.  Thus,  in  the  Weybourne  sands,  the  Portland-Bill  marine 
beds,  and  the  Bridlington  Crag  we  have  evidence  of  the  sea  rising 
to  about  the  same  level  as  it  now  does ;  and  these  deposits  are 
clearly  of  older  date  than  the  overlying  glacial  beds. 

The  first  stage  of  the  Glacial  Period,  as  thus  defined,  is  marked  by 

*  Naturalist  in  Nicaragua,  p.  266;  and  Quarterly  Journal  of  Science,  Oct. 
1874. 
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the  older  forest-beds  and  the  immigration  of  the  great  mammalia, 
indicating  that  the  sea  had  retired  from  the  British  Channel  and  the 
German  Ocean.  A  great  river  appears  to  have  run  to  the  south- 
west through  this  now  submerged  area,  on  the  banks  of  which  and 
of  its  tributaries  palaeolithic  man  and  the  great  mammalia  lived,  the 
latter  frequenting  low  marshy  tracks  near  to  the  streams,  the  former 
higher  grounds  more  distant  from  them.  That  this  river  flowed 
southward,  and  not  to  the  north,  as  supposed  by  Mr.  Godwin-Austen, 
is  indicated  by  the  fact  that  the  fauna  is  the  same  on  the  Somme  and 
the  Thames,  which  would  scarcely  have  been  the  case  if  the  Straits 
of  Dover  then  formed  the  division  between  watersheds  draining  to 
the  north  and  the  south.  This  applies  with  particular  force  to  the  dis- 
tribution of  the  hippopotamus.  Its  remains  are  found  not  only  in  all 
the  southern  parts  of  the  area,  but  as  far  north  as  Yorkshire.  There 
is  evidence  that  the  winters  were  more  severe  then  than  now;  and  it 
would  have  had  no  refuge  from  them  to  the  north  of  Dover  if  the 
rivers  there  ran  northwards;  but  if  they  drained  into  a  great  stream 
running  southward  as  far  the  Bay  of  Biscay,  it  might  easily  have 
retreated  down  this  in  the  autumn  and  reascended  in  the  spring. 

The  presence  of  southern  shells,  such  as  Cyrena  fiuminalis,  Unio 
litt oralis,  and  Paludina  marginata,  in  the  old  mammalian  gravels 
both  to  the  north  and  to  the  south  of  the  Straits  of  Dover,  is  evidence 
nearly  as  strong  that  the  streams  in  which  they  lived  all  belonged 
to  the  same  watershed,  and  that  the  course  of  the  main  river  was 
southward.  For  this  great  stream  I  propose  the  name  of  the  Ger- 
manic River,  as  its  principal  drainage-area  was  the  bed  of  the 
present  German  Ocean  and  the  waters  discharging  into  it. 

The  second  stage  of  the  Glacial  Period  is  marked  by  the  continued 
advance  of  the  ice  from  the  north,  and,  possibly,  by  the  retreat  of  the 
southern  fauna  and  the  arrival  of  the  Arctic  mammals,  whilst  the 
woolly  rhinoceros  and  the  mammoth  still  roamed  in  summer  over  the 
area  that  had  formerly  been  their  winter  retreat. 

In  the  third  stage  the  Atlantic  Glacier  reached  the  coast  of  Europe, 
and  blocked  up  the  English  Channel  and  with  it  the  drainage  of  the 
whole  of  Northern  Europe,  forming  a  great  continental  lake,  over 
which  floated  icebergs  carrying  boulders  from  the  Scandinavian 
of  mountains. 

In  the  fourth  stage  the  barrier  of  ice  blocking  up  the  English 
Channel  was  suddenly  broken  away,  causing  the  tumultuous  discharge 
of  the  waters  of  the  great  lake  and  the  consequent  outspread  of  the 
Lowland  deposits,  including  the  Middle  Glacial  sands  and  gravels 
Norfolk  and  Suffolk. 

In  the  fifth  stage  the  Atlantic  glacier  again  advanced,  and  the 
great  lake  was  reformed ;  but  its  discharge  this  time  was  more  gra- 
dual. To  this  period  belongs  the  formation  of  the  Upper  Boulder- 
clay  of  Norfolk  and  Suffolk,  which  I  have  not  been  able  to  satisfy 
myself  is  represented  south  of  the  Thames  except  by  the  "Trail"  of 
Mr.  Fisher;  but  some  of  the  Upland  deposits  may  belong  to  this  and 
not  to  the  third  stage. 

In  the  sixth  and  last  stage,  I  consider  that  the  Atlantic  ice  had 
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rapidly  retired  as  fallback  as  the  extreme  north  of  Scotland ;  but  the 
sea  had  not  yet  returned  to  its  former  level,  and  the  British  Isles 
were  still  joined  to  the  continent.  To  it  I  assign  the  last  great 
forest-period  and  the  arrival  of  Neolithic  man  with  the  associated 
fauna  from  the  continent. 

Postscript. 

January  17, 1876. — Since  this  paper  was  read  before  the  Society 
I  have  again  crossed  Europe  and  examined  the  southern  limits  of 
the  northern  drift  as  far  as  the  cliffs  of  glacial  clay  around  the 
shores  of  the  Sea  of  Azoff.  I  now  attach  much  more  importance  to 
the  second  advance  of  the  Atlantic  glacier,  and  believe  it  marks  the 
culmination  of  the  Glacial  Period.  The  restriction  of  the  middle 
glacial  sands  and  gravels  to  heights  not  exceeding,  if  reaching,  500 
feet  above  the  sea,  leads  me  to  think  that  the  first  great  European 
lake  drained  around  the  hills  of  Brittany  into  the  valley  of  the  Loire, 
and  that  the  principal  distribution  of  the  Scandinavian  drift  and  the 
formation  of  most  of  the  upland  deposits  belong  to  the  period  of  the 
second  great  lake,  when  the  col  to  the  east  of  Brittany  was  also 
blocked  up  and  the  waters  drained  through  the  Black  Sea  to  tbe 
Mediterranean,  cutting  out  gradually  a  passage  through  the  Darda- 
nelles that  had  not  before  existed. 


Discussion. 

Mr.  Hicks  stated  that  he  had  noticed  that  the  glaciation  at  St. 
David's  is  from  the  north-west.  He  had  already  stated  before  the 
Society  his  opinion  that  there  had  been  depressions  proceeding  from 
a  point  in  the  Atlantic,  probably  not  far  from  the  coast  of  South 
America,  to  the  north-west  and  north-east ;  and  this  might  perhaps 
have  something  to  do  with  causing  a  flow  of  ice  from  Greenland  to 
the  south-west  in  North  America  and  to  the  south-east  in  Europe. 

Rev.  0.  Fishbe  wished  to  know  what  would  be  the  area  of  the 
great  freshwater  lake  supposed  to  be  produced  by  the  damming 
action  of  tbe  great  Atlantic  glacier. 

Mr.  Belt  stated  that  the  area  blocked  up  by  the  ice  would  be 
about  400,000  square  miles  (2000  x  200),  and  would  include  all  the 
region  drained  by  the  present  northern  rivers. 

Prof.  Hughes  wished  to  know  why  the  waters  could  not  drain  off 
by  way  of  the  Black  Sea,  and  why  the  advancing  Atlantic  glacier 
should  be  supposed  to  stop  just  at  the  western  point  of  Cornwall. 
He  could  discover  no  evidence  of  there  ever  having  been  a  lake 
such  as  the  author  described.  The  drift  gravels  were  the  result  of 
all  the  agencies  of  denudation  which  had  ever  been  at  work ;  and  the 
boulders  at  the  bottom  of  the  low-ground  drifts  were  probably  due 
to  the  fall  of  debris  from  the  summits.  The  boulders  of  the  drift, 
if  the  author's  theory  were  true,  ought  to  consist  of  Greenland  rocks, 
whereas  they  were  really  of  local  origin.  With  regard  to  the  direc- 
tion of  glaciation  in  Britain  and  Northern  Europe  being  from  the 
north-west,  he  could  not  agree  with  the  author.     In  many  places 
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glaciation  might  be  observed  running  in  every  direction ;  and  it  was 
not  fair  to  note  only  certain  striae,  and  neglect  those  which  were 
not  in  favour  of  a  foregone  conclusion.  He  thought  that  Mr.  Camp- 
bell had  shown  clearly  that  the  glaciation  of  Ireland  took  place  from 
the  north-east. 

Mr.  Mogg ridge  remarked  that  a  very  flat  country  extended  across 
the  continent  of  Europe  from  England  to  the  Black  Sea,  and  thought 
that  in  that  direction  there  was  no  land  sufficiently  high  to  form  the 
boundary  of  such  a  lake  as  that  required  by  the  author's  theory. 

Rev.  T.  G.  Bonnet  said  that,  in  addition  to  the  difficulties  which 
Prof.  Hughes  had  mentioned,  four  others  at  least  occurred  to  him : — 
that  the  barrier  to  Mr.  Belt's  lake  was  defective  between  the  high- 
lands of  Brittany  and  the  Auvergne ;  that  the  ice  in  its  course  from 
Greenland  would  have  to  cross  a  part  of  the  Atlantic  where  the 
depth  approached  2000  fathoms,  which  seemed  to  demand  an  incon- 
ceivable accumulation  in  that  country;  that  under  such  circum- 
stances Wales,  Scotland,  and  Scandinavia  must  have  had  their  own 
ice-systems ;  and  that  to  reach  Scandinavia  (which  certainly  had  its 
own  ice-system),  this  great  sheet  must  have  crossed  the  Lofoten 
Islands,  yet  all  the  higher  hills  in  these  were  remarkably  sharp  and 
broken.  Further,  in  regard  to  what  Mr.  Belt  had  said  about  the 
lowering  of  the  general  level  of  the  sea,  it  must  be  remembered  that 
such  an  ice-cap  would  raise  the  level  in  the  hemisphere  where  it 
occurred. 

Mr.  Belt,  in  reply,  said  that  he  did  not  want  the  ice  to  stop  at 
Cornwall,  but  that  his  statement  as  to  its  limits  was  founded  on 
observed  marks  of  glaciation.  He  thought  the  absence  of  marine 
remains  throughout  the  drifts  of  the  northern  plains  of  Europe  was 
a  highly  important  and  suggestive  fact.  With  regard  to  the  glacia- 
tion of  Ireland,  he  remarked  that  the  ice  flowing  south-east  from 
Greenland  would  strike  against  the  high  lands  of  Scotland  and 
England,  and  be  turned  back  over  Ireland.  The  lowering  of  the 
sea  was  not  absolutely  required  by  the  necessities  of  the  paper ; 
but  if  the  accumulation  of  ice  took  place  simultaneously  at  both 
poles,  the  sea  must  necessarily  be  greatly  lowered. 
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11.  On  the  Correlation  of  the  Deposits  in  Cefn  and  Pont-itewydd 
Caves  with  the  Drifts  of  the  North-west  o/Englaito  and  Wales. 
By  D.  Mackintosh,  Esq.,  F.G.S.     (Read  June  23,  1875.) 

In  the  present  state  of  Posttertiary  geology  it  is  of  very  great  im- 
portance (as  may  be  inferred  from  the  Presidential  address  just  pub- 
lished, May  1875)  that  some  one  should  attempt  to  correlate  the 
deposits  in  caves  with  the  glacial  drifts  of  the  neighbourhood.  I 
therefore  venture  to  bring  before  the  Society  a  brief  statement  of 
the  results  of  observations  lately  made  in  and  around  the  Cefn  and 
Pont-newydd  Caves,  Denbighshire.  These  caves  are  situated  near 
to  each  other  in  the  face  of  a  limestone  escarpment,  on  the  north 
bank  of  the  river  Elwy.  The  Pont-newydd  cave  has  been  described 
by  Professor  M'Kenny  Hughes  and  the  Rev.  D.  R.  Thomas,  in  the 
Journal  of  the  Anthropological  Institute  (vol.  iii.  p.  387),  and  by 
Mr.  W.  Boyd  Dawkins,  F.R.8.,  in  his  work  on  Cave  Hunting.  By 
these  writers  the  cave-deposits  are  regarded  as  Postglacial.  The 
best  account  of  Cefn  Cave,  as  it  existed  before  the  deposits  wore 
nearly  all  cleared  out,  is  perhaps  to  be  found  in  Mr.  Joshua 
Trimmer's  *  Practical  Geology/  published  in  1841  *,  the  following 
being  the  order  of  succession  therein  stated  or  implied : — 

1.  Sand,  tilt,  and  marl,  with  sea-shells  in  one  or  more  places  (uppermost). 

2.  Loam,  with'angular  fragments  of  limestone  and  bones,  filling  the  carem 

nearly  to  the  roof  (diluvium  of  old  authors). 

3.  Crust  of  stalagmite. 

4.  Loam,  with  smooth  pebbles,  bones,  teeth,  and  fragments  of  wood  (lowest). 

Mr.  Trimmer  believed  that  the  lowest  of  these  deposits  was  intro- 
duced, before  the  glacial  submergence,  by  the  adjacent  river  while 
flowing  at  a  considerably  higher  level  than  now.  But  that  the 
river-channel  must  then  have  been  excavated  to  a  level  as  low, 
if  not  lower,  than  at  present,  is  evident  from  the  fact  that  the 
Upper  Boulder-clay  extends  down  to,  and  in  some  places  runs 
under,  the  river-bed,  in  a  manner  showing  that  here  (as  elsewhere 
in  the  north-west  of  England  and  Wales)  the  river,  since  the 
glacial  submergence,  has  been  principally  occupied  in  reexcavating 
its  choked-up  channel.  Trimmer  likewise  believed  that  the  deposit 
with  sea-shells  was  introduced  by  the  sea  through  a  fissure  in  the 
roof  of  the  cave. 

From  the  nature  and  sequence  of  the  deposits  in  Pont-newydd 
cave  (a  considerable  portion  of  which  has  not  yet  been  cleared  out), 
compared  with  what  I  have  seen  of  the  remnants  still  visible  in 
the  Cefn  cave,  and  from  a  further  comparison  of  the  facts  thus 
obtained  with  accounts  given  by  Mr.  Trimmer,  Mr.  J.  Price,  M.A.  (of 
Chester),  Professor  Hughes,  Mr.  Boyd  Dawkins,  &c,  I  have  been 
led  to  regard  the  following  as  the  sequence  of  the  beds  (order 
descending) : — 

*  See  also  paper  by  Rer.  E.  Stanley,  Proo.  GeoL  Soc  toI  i.  p  402. 
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1.  Coarse  sand  charged  with  minute  f ragmen  to  of  sea-sheUs,  still  found  adher- 

ing to  one  side  of  a  rising  branch  (ascended  by  steps)  of  the  Cefh  care  *. 
In  the  Pont-newydd  care  a  bed  of  very  fine  stoneless  clay. 

2.  Clay,  with  angular  and  subangular  fragments  of  limestone,  a  few  polished 

fragments  and  pebbles  of  limestone,  likewise  a  few  pebbles  of  Denbighshire 
sandstone  and  grit,  felstone,  Ac  This  deposit  (which  contains  bones  of  a 
number  of  the  usual  care  Mammalia)  is  horizontally  continuous  with  the 
Upper  Boulder-clay  of  the  district  ^see  sequel). 

3.  Stalagmitic  crust,  from  less  than  an  inch  to  2  feet  in  thickness.    Very  little 

now  left  in  the  Cefh  cave ;  apparently  absent  in  the  Pont-newydd  cave. 

4.  Loam,  with  rounded  and  smoothed  pebbles,  bones,  teeth,  and  fragments  of 

bone  and  wood,  in  the  Celh  ca?e.  In  the  Pont-newydd  cave  a  bed  of  extra- 
rounded  pebbles,  more  or  less  cemented  by  stalagmitic  matter. 

The  coarse  sand  in  the  uppermost  bed  (1)  in  no  respect  resembles 
the  Upper  Boulder-clay  on  the  summit  of  the  plateau  above  the  cave ; 
it  is  not  what  would  result  from  a  subaerial  rearrangement  of  tbe 
clay ;  and  the  proportional  number  of  fragments  of  shells  is  very 
much  greater  than  that  found  in  the  clay  f.  It  is  therefore  probable 
that  the  coarse  sand  was  introduced  by  the  sea  through  a  fissure  or 
fissures  in  the  roof,  as  Trimmer  supposed. 

The  clay  (2)  can  be  traced  along  the  plain  of  Lancashire  and 
Cheshire,  the  coast  of  Flintshire,  and  up  the  vale  of  Clwyd.  It 
spreads  over  the  gently  rising  ground  between  St.  Asaph  and  the 
Cefn  and  Pont-newyd  caves ;  and  it  may  be  seen  all  around  the 
caves,  in  some  places  filling  up  hollows,  in  others  covering  plateaux, 
and  in  not  a  few  instances  clinging  to  the  face  of  steep  slopes,  or 
even  adhering  to  narrow  rocky  terraces  or  ledges.  I  have  been 
familiar  with  this  clay  in  Cheshire  and  Flintshire  for  four  years, 
and  have  therefore  little  hesitation  in  asserting  that  traces  of  it,  in 
an  unmodified  state,  may  be  found  at  the  entrances  of  both  the 
Pont-newydd  and  Cefn  caves — that  in  the  interior  of  the  Cefn  cave, 
for  a  considerable  distance  from  the  entrance,  there  are  indications 
of  this  clay  having  once  filled  the  cave  nearly,  if  not  quite,  to  the 
roof — that  in  the  interior  of  the  Pont-newydd  cave  it  maintains  ite 
unmodified  character  for  a  considerable  distance  from  the  entrance — 
and  that  in  no  part  of  these  two  caves  has  this  clay  been  modified 
further  than  what  may  have  resulted  from  the  dropping  of  calcareous 
matter,  from  the  temporary  ponding  back  of  water  in  the  recesses 
or  hollows,  or  from  accumulation  within  the  caves  under  condi- 
tions which  may  have  differed  from  those  without.  The  angular 
limestone  fragments  may  have  fallen  from  the  roof  or  sides  of  the 
caves  during  the  period  of  accumulation ;  or  previously  fallen  fragments, 
along  with  the  bones  of  animals,  may  have  been  washed  up  into  the 
clay  by  the  waves  of  the  Upper-Bouldor-clay  sea.  It  ought  not  to 
be  forgotten  that  in  caves  sea- waves  are  often  possessed  of  very 
great  force,  and  that  they  are  capable  of  insinuating  themselves  into 
the  remotest  recesses. 

*  I  had  no  difficulty  in  raking  off  large  quantities  with  a  hammer.  It  would 
appear  to  be  present  in  at  least  one  other  branch  of  the  care. 

t  I  could  see  none  at  all  in  the  clay  of  the  immediate  neighbourhood  of  the 
care,  though  they  probably  might  be  found,  as  I  believe  Prof.  Hughes  has  col- 
lected them  from  tne  same  clay  in  the  Vale  of  Qwyd. 
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The  stalagmitic  crust  (3)  must  have  been  accumulated  during  a 
period  when  conditions  were  favourable ;  and  these  conditions  must 
have  yaried  in  different  parts  of  the  Cefn  cave. 

The  bed  under  the  stalagmite  in  the  Cefn  cave,  with  its  repre- 
sentative in  the  Pont-newydd  cave,  is  the  most  difficult  to  explain. 
I  am  unable  to  say  whether  it  most  resembles  an  accumulation  of 
fine  river-shingle  or  a  raised  beach.  In  the  caves  it  does  not  occur 
at  the  height  above  the  present  sea-level  of  the  more  typical  raised 
beaches.  It  is  ivot  confined  to  the  caves,  but  may  be  seen  at  inter- 
vals along  the  sloping  north  bank  of  the  Elwy.  It  may  likewise  be 
found  in  patches  along  the  Elwy  valley  as  far  as  the  Vale  of  Clwyd, 
where  it  would  appear  to  graduate  into  the  middle  gravel  and  sand 
which  underlies  the  upper  clay.  However  it  may  have  originated, 
I  cannot  believe  with  Professor  Hughes  that,  in  the  Pont-newydd 
cave,  it  was  washed  in  through  a  swallow-hole,  from  the  Boulder- 
clay  of  the  neighbourhood,  by  a  freshwater  stream.  The  relative 
proportion  of  stones  of  different  kinds  is  not  nearly  the  same  in  the 
pebble-bed  and  in  the  Boulder-clay  covering  the  surface  of  the 
ground  at  a  higher  level.  In  the  pebble-bed  nearly  all  the  stones, 
so  far  as  I  could  see,  are  Denbighshire  sandstone  or  grit.  In  the 
Boulder-clay  a  large  proportion  of  the  pebbles  are  limestone.  I 
could  only  see  one  felstone  specimen  in  the  pebble-bed  (though 
others  probably  might  be  found).  In  the  Boulder-clay  felstone 
pebbles  and  boulders  are  far  from  being  rare  *.  The  pebble-bed  is 
not  confined  to  the  cavern  or  the  ground  straight  in  front  of  it,  as  it 
would  have  been  if  deposited  by  a  stream  flowing  out  of  the  cavern; 
but  it  may  be  seen  in  a  recess  a  short  distance  east  of  the  mouth  of 
the  cavern,  and,  as  I  have  already  remarked,  at  intervals  further 
east.  Several  examples  of  it  may  be  found  near  the  Cefn  cave, 
clinging  to  the  rocky  slope.  This  bed  could  not  have  been  accumu- 
lated before  the  glacial  submergence,  as  it  contains  a  few  erratic 
pebbles  f,  which  must  have  been  transported  by  ice  from  regions  far 
beyond  the  basin  of  the  river  Elwy. 

Before  endeavouring  to  offer  a  general  explanation  of  the  mode 
in  which  the  various  deposits  were  introduced  into  the  Cefn  and 
Pont-newydd  caves,  it  may  be  necessary  to  state  that  the  drift- 
deposits  of  the  north-west  of  England  and  the  borders  of  North 
Wales  are  separable  into : — (1)  a  lower  stony  Boulder-clay  (with 
glaciated  stones),  which  to  the  south  of  the  Mersey  and  in  the 
eastern  part  of  Wales  can  only  be  detected  at  intervals ;  (2)  a  mid- 
dle sand  and  gravel  (without  any  large  boulders  or  glaciated  stones, 
excepting  a  few  among  or  near  to  the  mountains),  which  extends 
almost  continuously  over  very  wide  areas,  and  often  attains  a  thick- 
ness of  nearly  200  feet ;  (3)  an  upper  Boulder-  or  brick-clay  (with 

•  It  likewise  contains  Eskdale  granite. 

t  Professor  Hughes  mentions  the  occurrence  of  felstone  in  this  bed  in  Pont- 
newydd  cave.  I  saw  a  large  boulder  of  very  typical  Arenig  felstone,  about  half- 
way between  Denbigh  and  Cefn ;  and  I  believe  that  a  boulder  which  may  be  seen 
a  short  distance  N.W.  of  the  Cefn  cave  must  have  come  from  the  same  moun- 
tain. 
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glaciated  stones  and  a  few  boulders),  which  is  quite  as  persistent  as 
the  sand  and  gravel,  but  which  has  not  yet  been  clearly  traced  to  a 
height  of  more  than  a  few  hundred  feet  above  the  present  sea-leveL 
The  first  indicates  a  cold  period,  the  second  a  comparatively  mild 
period,  and  the  third,  I  believe,  a  second  cold  period,  though  this 
has  been  disputed  by  Professor  Hughes  and  Mr.  Kinahan.  Believing 
with  Professor  Ramsay  that  the  great  glacial  submergence  com- 
menced before  the  ice-sheet  or  ice-sheets  disappeared  from  the 
country,  that  the  lower  Boulder-clay  (so  far  as  it  is  of  marine 
origin)  was  accumulated  while  the  land  was  sinking,  and  that  the 
sand  and  gravel  formation  was  deposited  while  the  land  was  rising — 
and  likewise  believing  in  an  interglacial  period,  during  the  first  part 
of  which  the  land  was  still  submerged,  dry  land  prevailing  during 
the  second  part,  it  follows  that  there  must  have  been  a  second  sub- 
mergence, during  which  the  upper  Boulder-clay  was  deposited.  It 
is  possible  that  the  pebble-bed  in  the  Pont-newydd  cave  may  have 
been  deposited  as  the  land  was  rising  out  of  the  interglacial  or 
Middle-Sand-and-gravel  sea,  and  that  pebbles  and  loam  may  then 
have  been  introduced  into  the  Cef  n  cave ;  but  as  the  neighbourhood 
could  not  have  been  inhabited  by  land  animals  until  after  the 
emergence  of  the  land,  the  bones,  teeth,  and  fragments  of  wood 
which  were  found  associated  with  the  lowest  deposit  in  the  Cefn 
cave  may  have  been  washed  in  by  rain  through  fissures  in  the  roof. 
After  the  accumulation  of  the  stalagmite,  more  bones  must  have 
been  introduced,  and  the  cave  may  have  been  temporarily  inhabited 
by  the  hyaena.  This  state  of  things  may  have  been  brought  to  a 
close  by  the  submergence  of  the  cave  beneath  the  waters  of  the 
Upper- Boulder-clay  sea,  which  filled  the  cave  nearly  (if  not,  in  many 
places,  quite)  to  the  roof.  The  sand  with  sea-shells  may  have  been 
introduced  through  fissures  in  the  roof  while  the  plateau  above  the 
cave  was  gradually  rising  above  the  sea-level. 

The  above  imperfect  explanation  is  the  best  I  can  offer  concerning 
the  mode  in  which  the  different  and  very  dissimilar  deposits  in  the 
Cefn  and  Pont-newydd  caves  were  accumulated. 

P.8. — As  may  be  learned  from  his  paper  read  before  the  Anthro- 
pological Institute,  Professor  Hughes  found  Palaeolithic  flint  imple- 
ments and  a  human  tooth,  which  he  believed  came  from  the  bed  I 
have  called  Upper  Boulder-clay,  in  the  Pont-newydd  cave*. 

*  Since  this  paper  was  written,  Professor  Hughes  has  found  a  large  frag- 
ment of  felstone  in  the  lowest  bed  of  the  Pont-newydd  caye. 
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12.  Evidence  of  a  cjlexivoeous  Reptile  (Cr50BBA.oo   hajor,  Ow.) 
o&oitt  efo  *£re  0/  a  Lion,  with  Remark's  thereon.    By  Prof.  Owes, 
C.B.,  FJLS.,  F.G.S.,  &o.    (Read  February  2, 1876.) 
[Platb  XL] 
Sbabchthg  over  the  residuary,  more  or  less  shapeless  blocks   of 
matrix  from  the  Karoo  lacustrine  deposits  of  South  Africa,  trans- 
mitted by  their  discoverer  the  late  Andrew  Geddes  Bain,  Esq.,  F.GLS., 

1  came  upon  a  lump  about  the  size  of  one's  fist,  in  which  the  sole  indi- 
cation of  organic  remains  was  a  pair  of  mutilated  canine-shaped  teeth. 

Part  of  the  outer  enamelled  surface  was  exposed  to  view,  and 
suggested  that  the  block  might  contain  a  fragment  of  the  upper  jaw 
of  a  Dicynodon.  On  clearing  away  the  matrix  from  the  teeth,  how- 
ever, they  presented  a  difference  of  shape  from  the  tusks  in  that 
genus:  tike  crown  was  narrow  instead  of  round;  the  transverse 
section  was  a  long  oval  (PL  XI.  fig.  3)  with  the  small  end  pointed : 
when  the  whole  of  the  outer  side  of  the  crown  became  exposed, 
the  shape  of  the  best-preserved  canine  (ib.  fig.  2)  resembled  that  in 
Maehairodus,  and  most  so  that  of  Maehairodus  latidens*.  On  care- 
fully relieving  the  hinder  trenchant  margin  of  the  tooth  from  the 
matrix,  I  was  much  interested  in  finding  that  it  carried  the  resem- 
blance to  the  canine  of  the  extinct  feline  mammal  to  correspondence 
in  the  minute  serration  of  that  margin  (ib.  ib.  c'). 

A  small  part  only  of  the  non-enamelled  base  was  preserved,  the 
canines  having  been  broken  off  a  little  above  their  exit  from  the 
socket ;  but  the  breadth  of  the  broken  base  and  the  reduction  of 
the  pulp-cavity  to  a  linear  trace  were  indicative  of  a  long  and 
deeply  implanted  fang.  Nevertheless  it  was  evident  that,  in  pro- 
portion to  the  antero-posterior  diameter  of  the  base  of  the  enamelled 
crown,  that  part  of  the  tooth  was  relatively  longer  than  in  Machair- 
odus latidens :  it  differed  also  in  the  absence  of  the  serrate  border 
at  the  fore  part  of  the  crown  (ib.  ib.  c).  The  only  part  of  the  skull  pre- 
served posterior  to  that  supporting  the  upper  canines  was  a  portion 
of  the  lower  jaw,  of  which  the  alveolar  border  of  the  right  ramus  ex- 
tended one  inch  behind  the  right  better-preserved  upper  canine,  No 
trace  of  tooth  could  be  detected  in  this  border. 

The  symphysis!  part  of  the  lower  jaw  (fig.  5)  extended  forward  about 

2  inches  in  advance  of  the  upper  canines  (ib.  c.  c).  The  animal  had 
become  fossilized  with  its  mouth  shut;  and  the  upper  canines 
descended  along  a  laterally  compressed  part  of  the  lower  jaw,  also 
as  in  Maehairodus,  one  on  each  Bide,  with  their  points  projecting 
beyond  the  lower  border  of  the  jaw  (fig.  1,  c,  c).  The  next  thought 
was  as  to  possible  evidences  of  the  teeth  at  the  fore  end  of  the 
lower  jaw;  but  not  until  the  extremely  hard  matrix  had  been 
ground  down  to  the  alveolar  border  were  any  such  traces  visible. 
The  crowns  of  these  teeth  seemed  to  have  been  broken  away  prior 
to  interment;  but  the  bases  of  eight  incisors  and  of  two  lower 
canines  were  exposed,  in  transverse  sections  at  the  level  stated. 

*  British  Fossil  Mammals,  8vo,  1846,  p.  180,  fig.  69. 
a  J.  G.  S.  No.  126.  h 
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The  lower  canines  (ib.  fig.  5,  c1,  d)  had  risen,  as  in  MacJutirodus, 
immediately  in  front  of  the  upper  ones,  and  presented  the  same 
inferiority  of  size ;  hut  they  are  divided,  in  Cynodraco,  hy  a  tooth- 
less interval,  or  "  diastema,"  from  the  lower  incisors  (t'6.  t,  1,  2,  3, 
4).  In  this  character,  as  in  the  number  of  incisors,  the  South- 
African  Karoo  fossil  resembles  the  Marsupial  genus  Didelphis. 
The  lower  incisors  are  subequal,  subeompressed,  and  elliptical  in 
transverse  section,  at  least  at  the  base  of  the  crown,  with  the  long 
axis  of  the  section  directed  from  the  fore  to  the  hind  part  of  tho 
alveolar  border;  and  they  are  close-set,  as  in  carnivorous  mammals. 
As  in  these,  also,  the  dentine,  in  both  canines  and  incisors,  is  of  the 
hard  un vascular  kind,  and  the  enamel  as  distinct  in  tissue  and  as  thick. 

Tho  decrease  in  size  is  from  the  1st  to  the  4th ;  but  the  degree 
shown  in  the  fossil  and  fig.  5  may  be  due  to  section  at  different 
heights  from  the  base. 

Associated  with  this  fossil,  or  from  near  the  same  locality,  was  a 
larger  oblong  block  of  the  same  matrix,  with  the  ends  of  a  long 
bone  partially  visible.  Out  of  this  block  an  entire  humerus  was 
developed  (PL  XI.  figs.  6-9,  half  nat.  size).  It  is  of  a  left  fore  limb,  in 
length  10  inches  6  lines,  with  some  loss  by  abrasion  of  both  articular 
extremities,  the  shaft  showing  well-marked  developments  for  mus- 
cular attachments  and  other  characters  unusual  or  unknown  in  the 
Reptilian  class. 

The  breadth  of  the  distal  end — the  extension  of  strong  ridges  from 
both  the  outer  («,  e)  and  inner (/, /')  sides,  just  above  tho  elbow- 
joint,  indicative  of  strong  supinators,  flexors,  and  extensors  of  the 
forearm  and  paw — the  modification  of  the  articular  surfaces  of  that 
end,  better  preserved  than  those  above,  for  the  combination  of  due 
attachment  of  two  bones  of  the  forearm  with  freedom  of  motion, 
not  only  in  tho  bending  and  extending,  but  in  rotating  on  each 
other,  so  that  the  paw  could  bo  turned  "  prone "  and  "  supine," 
whereby  its  application  as  an  instrument  for  seizing  and  lacerating 
is  advantaged, — add  to  this  the  structure,  hitherto  known  only  in 
the  Mammalian  class  and  preeminently  in  the  feline  family,  of  a 
defence  of  the  main  artery  and  nerve  of  tho  forearm  from  com-* 
pression  during  the  aotion  of  the  above-named  muscles  by  a  strong 
bridge  of  bone  (h)  spanning  across  them,  furthermore  the  exten- 
sive and  powerful  ridge  (6,  b')  at  the  proximal  half  of  the  humerus 
for  the  attachment  of  arm-muscles,  especially  tho  deltoid, — the 
combination  of  these  characteristics,  which  Cuvier  dwells  upon  in 
contrasting  the  humerus  of  the  feline  and  bovine  mammals*,  are 
here  exemplified  in  a  fossil  homologue,  from  a  formation  of  the 
Triassic  or  Permian  division  of  geological  time. 

Extending,  however,  the  comparison  of  the  present  humerus 
beyond  the  salient  features  above  denned,  the  head  of  the  bone  (fig.  8) 
differs  from  that  of  tho  feline  humerus  in  being  broader  transversely, 
instead  of  from  before  backward ;  the  articular  part  is  oblong  and 
narrow,  not  hemispheroid  nor  nearly  so  convex  ;  there  is  no  eleva- 
tion of  an  outer  transverse  tuberosity.    Tho  representative  of  the 

*  Oigemons  Fosrfle?,  toI.  i.  (4tof  1821)  p.  xlrii. 
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deltoid  ridge  (ib.  5,  b'\  of  similar  basal  extent  to  that  in  Felts,  is  more 
produced  and  is  mucn  thinner,  extending  as  a  broad  plate  of  bono 
outward  (radiad)  and  forward  (thenad) ;  it  seems  to  be  rather  a 
development  in  those  directions  of  the  entire  shaft  than  to  be  a 
superadded  process  of  the  shaft.  The  more  rounded,  thickened  char- 
acter which  prevails  through  nearly  the  whole  extent  of  the  humerus 
of  the  felino  as  of  most  mammals,  is  here  confined  to  a  constriction 
barely  an  inch  in  extent  between  the  subsidence  of  the  deltoidal 
or  delto-pectoral  crest  and  the  beginning  of  the  neuro-arterial  bridge 
(h)  on  the  inner  side,  and  of  the  supinator  crest  (e)  on  the  outer  side 
of  the  lower  two  fifths  of  the  bone.  The  perforation  itself  (Jc)  is  more 
highly  placed,  is  further  from  the  articular  surface  for  the  ulna, 
than  in  Felts.  The  ulnar  articulation  or  "  trochlea  "  is  less  defined ; 
the  inner  boundary  ridge,  so  prominent  mFdis,  is  here  undeveloped. 
The  convexity  (tig.  6,  g)  for  the  radius,  on  the  other  hand,  is  relatively 
larger,  and  its  ball  advances  farther  upon  the  fore  part  of  the  shaft, 
in  the  present  fossil.  In  this,  likewise,  the  anconal  pit  (fig.  7,  d),  so 
deep  and  well-defined  by  outer  and  inner  ridges  in  Felts,  is  a  mere 
wide  and  shallow  triangular  depression. 

The  delto-pectoral  crest  (6,  b')  which  seems  to  be  a  forward  and 
inward  production  of  the  outer  border  of  the  proximal  part  of  the 
humerus,  is  essentially  a  reptilian  character  of  the  bone.  Its 
ordinary  proportions  in  existing  Saurians  are  shown  in  Uromas- 
tix  spinipes  (fig.  10,  o,  b')  and  in  Monitor  niloticus  * ;  in  Croco- 
diles the  shortening  of  its  base  gives  it  more  the  character  of  a 
distinct  process;  in  Pterodactyles  its  development  is  chiefly  in 
transverse  extent f;  in  Cynodraco  the  longitudinal  extent  prevails; 
in  Omosaurus  the  development  in  both  directions  of  the  delto- 
pectoral  cre6t  is  such  as  to  have  suggested  the  generic  name  of  this 
Dinosaur.  But  the  perforation  or  canal  (hy  &,  fig.  6)  is  not  present 
in  any  existing  Beptile.  There  is,  indeed,  what  may  be  loosely 
termed  a  "  supracondyloid  foramen"  in  several  Reptilia.  It  is 
noticed  in  the  osteology  of  the  genus  Trionyx ;  but  its  position  in 
the  humerus  is  defined: — "The  bone  is  perforated  from  before 
backwards  at  the  outer  angle  of  the  distal  extremity "  J.  The 
homologous  supracondyloid  foramen  ia  shown  in  the  humerus  of  the 
Monitor  niloticus,  in  the  under-cited  monograph  (Note  * ),  in  pi, 
xvii.  fig.  6,  at  ^,  where  it  perforates  a  low  supinator  crest.  Its 
position  in  Uromastixspinipesia&hownat  V  and  m  in  figs.  10  and  11 
(Plate  XI.).  Dr.  Giinther  notes  the  homologous  foramen  in  the 
humerus  of  Testudo  elephantopus  and  its  allies  {Testudo  ephippium 
e.g.),  and  describes  it  as  "  the  canal  on  the  radial  edge  of  the  bone, 
close  to  the  elbow-joint,  perforating  the  substance  of  the  bone  from 
the  front  to  the  hinder  side  ,,§. 

*  Monogr.  on  Omosaurus,  pL  xvii.  fig.  6,  b,  and  fig.  G\ 

t  Monogr.  on  Cretaceous  £ terodactyles,  4to,  1800,  pi.  iii.  fig.  9,  b. 

\  *  Descriptive  Catalogue  of  the  OBteological  Series  contained  in  the  Museum 
of  the  Eoyal  College  of  Surgeons  of  England,'  4to,  1853,  p.  184,  Nos. 
942, 1M3. 

}  Philoa.  Trans.  1875,  p.  2G0,  plate  atlii. ;  "  bt  radial  canal  for  blcod^ejscis,'' 
ib.p.283. 
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Cavier  thus  defines  the  supracondyloid  canal  in  the  lion  : — "  Au- 
dessns  du  condyle  interne,  la  ligne  apre  est  aussipercee  d'nn  trou  pour 
le  passage  de  Tartere  cubitale  "*.  But  this  is  not  the  homologue  of 
the  commonly  called  "  supracondyloid  canal "  in  the  humerus  of 
certain  Reptilia.  The  u  internal  condyle  "  of  Cuvier  and  anthropo- 
tomy  is  the  "  ulnar  condyle ; "  the  "  external  condyle  "  is  that  which 
is  termed  "  radial "  in  vertebrate  anatomy.  Thus  the  zootomist  has 
to  take  into  account,  in  the  application  of  his  science  to  Palaeonto- 
logy, of  an  "  ulnar  supracondyloid  foramen,"  and  a  u  radial  supra- 
condyloid foramen."  There  is,  also,  a  third  perforation  of  the  distal 
end  of  the  humerus  distinct  from  both,  which  may  be  termed  an 
44  inter-condyloid  foramen."  It  is  that  which  is  present  in  the 
humerus  of  the  wolf  t  and  some  other  mammals,  but  of  which  I 
have  not  found  any  example  in  recent  or  extinct  Reptilia.  While 
upon  this  comparison  I  am  tempted  further  to  remark  that,  in  com- 
parative anatomy,  zootomy,  or  anatomy  properly  so  called,  the  term 
44  condyle "  is  restricted  to  portions  of  bone  more  or  less  convex, 
modified  for  the  articulation  of  two  bones,  and  usually  covered  with 
synovial  cartilage.  Anthropotomy,  however,  in  reference  to  such 
portions  of  the  distal  articular  surface  of  the  human  humerus,  calls 
the  radial  condyle  the  ".radial  head,"  and  the  ulnar  condyle  the 
44  ulnar  trochlea,"  and  restricts  the  term  44  condyle  "  to'  the  tuberosi- 
ties whioh  project  beyond  and  somewhat  above  the  articular 
prominences,  which,  in  the  humerus,  answer  to  the  corresponding 
prominences  rightly  termed  "condyles"  in  the  femur  J.  I  have 
found  it  useful,  in  comparisons  of  the  humerus  akin  to  those  in  the 
present  paper,  to  call  the  anthropotomical  condyles  "  epicondylea," 
as  being  parts  projecting  somewhat  above,  or  proximad  o£  the  true 
condyles,  and  to  distinguish  them  as  *4  entepicondyle  "  and  "  ectepi- 
condyle  "  respectively.  Thus  the  canal  which  gives  passage  to  an 
artery  and  commonly  a  nerve  at  the  distal  end  of  the  humerus  in 
Felines,  and  most  Marsupials,  is  an  entepicondylar  canal  or  foramen ; 
and  this  it  is  which  characterizes  the  humerus  of  Cynodraco.  The 
canal  which  gives  passage  to  a  blood-vessel  in  the  humerus  of  certain 
Chclonia  and  Lacertilia  is  an  ectepicondylar  canal ;  and  its  presence 
in  no  way  affects  the  resemblance  (I  will  not  say  affinity)  to  the 
feline  Mammalia  which  the  extinct  Cynodraco  presents  in  its 
humerus  as  in  its  dentition. 

I  am  of  opinion,  though  it  is  difficult  to  judge  from  the  wood- 
cuts of  small  and  fragmentary  humeri  ascribed  to  Dicynodon  by 
Prof.  Huxley  in  the  4  Memoirs  of  the  Geological  Survey  of  India,' 
that  the  " supracondyloid  foramen"  there  indicated  at  a,  figs  A 
and  B,  p.  10,  is  not  the  homologue  of  the  4<  supracondyloid  foramen  * 
which  "  occurs  not  unfrequently  among  Lacertian  Reptiles,"  bat 
that  it  differs  not  only  in  "  form  and  proportions,"  but  likewise  in 
relative  position,  and  that  in  Dicynodon  it  concurs  with  the  pair  of 

*  '  Leconfl  d'Anatomie  compare/  ed.  1885,  vol.  i.  p.  884. 
t  •  British  Fossil  Mammals/  8vo,  1846,  p.  129,  fl*.  47,  a. 
$  Seo  for  example,  the  instructiTe  plate  "  77,  lefthuman  humerus,"  p.  92,  of 
the  'Anatomy  Descriptive  and  Surgical/  8vo,  1858,  by  Henry  Gray,  F.B.S. 
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long  upper  tusks  in  exemplifying  Mammalian  characters,  not  Lacer- 
tian  ones.  The  same  concurrence,  not  only  with  well-denned 
canines,  bnt  likewise  with  equally  well-defined  incisors  and  molars, 
has  been  observed  by  me  in  several  species  of  extinct  Eeptilia  from 
the  Karoo  deposits  of  South  Africa. 

Hie  earliest  examples  (Qalesaurus,  Cynochampsa)  of  such  Eeptilia 
were  made  known  through  this  Society  by  its  *  Quarterly  Journal,' 
voL  xvi.  (for  the  year  1859-60).  Since  that  date  I  have  had  evi- 
dences of  the  genera  Lycosaurus,  Tigrisuchus,  Cynosuchus,  Nytho- 
tavrus,  ScaloposauruSy  Procolophon,  Qorgonops,  as  well  as  of  the  genus 
Cyrwdraco,  of  one  species  of  which  the  dental  and  humeral  charac- 
ters have  supplied  the  chief  subject  of  the  present  communication. 

Most  of  the  genera  above  mentioned  are  represented  by  more  than 
one  species  * :  and  both  genera  and  species  are  classifiable  in  groups 
characterized  by  modifications  of  the  structure  of  the  external  bony 
nostrils — as,  for  example,  into  the  u  tectinariaV'  "binarial,"  and 
"  mononarial "  families,  the  skull  in  the  latter  presenting,  in  the 
aspect  and  position  of  the  single  terminal  nostril,  a  strikingly  mam- 
malian facies.  For  the  name  of  these  extinct  carnivorous  Saurians 
I  find  it  convenient,  and  believe  it  will  be  generally  acceptable,  to 
form  a  distinct  order  of  Eeptilia  under  the  denomination  of  Therio- 
dontia,  with  the  following  characters : — "  Dentition  of  the  carnivo- 
rous type ;  incisors  defined  by  position  and  divided  from  the  molars 
by  a  large  laniariform  canine  on  each  side  of  both  upper  and  lower 
jaws,  the  lower  canine  crossing  in  front  of  the  upper ;  no  ectoptery- 
goids ;  humerus  with  an  entepicondylar  foramen ;  digital  formula  of 
fore  foot  2,  3,  3,  3,  3  phalanges." 

When  we  contrast  the  grand  development  and  notable  modifica- 
tions of  the  extinct  species  of  Eeptilia  with  the  poor  scanty  evidences 
of  the  class  still  lingering  on  in  life,  we  seem  to  be  witnessing  a 
course  of  degeneration,  of  retrogradation,  rather  than  of  organic 
progression  in  the  course  of  time. 

Although  there  be  none  now,  there  have  been  Saurians  in  which 
the  articular  surfaces  of  certain  vertebra)  in  the  same  column  were 
modified — as,  e.  g.,  of  the  anterior  ones  in  great  herbivorous  Dino- 
saurs, for  freer  movements  of  the  head,  by  means  of  an  anterior  ball 
playing  in  a  posterior  cup,  such  as  we  now  find  in  the  Rhinoceros 
and  some  other  large  mammalian  herbivores.  In  another  part  of 
the  same  vertebral  column  of  these  extinct  reptiles  we  find  a  sacrum 
not  limited  to  two,  but  composed  of  five  or  six  ankylosed  vertebra?, 
also  as  in  these  and  many  other  mammals. 

Again,  some  of  these  vegetarian  Dinosaurs  had  masticatory  teeth 
of  a  complex  structure  t  unknown  in  existing  phytophagous  Sauria, 
but  resembling  those  teeth  of  certain  phytophagous  mammals,  e.  g. 
Megatherium  J,  Myhdon  §.    With  the  modification  of  a  portion  of  the 

*  These  will  be  characterized  and  the  characters  illustrated  in  the  Plates  cf 
the  Catalogue  of  South-African  Reptilia,  on  which  1  am  now  engaged  by 
direction  of  the  Trustees  of  the  British  Museum. 

t  '  Odontography/  p.  250,  pi.  71 :  4to,  1840. 

J  Ibid.  pL  84.  !  Ibid.  pi.  79. 
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dental  tissue  of  each  tooth,  by  retention  in  the  dentine  of  sub- 
parallel  vascular  canals,  is  associated  a  downward  development  of  the 
zygomatic  arch,  for  extending  the  origin  and  augmenting  the  size 
and  force  of  the  masseteric  masticatory  muscles. 

This  structure,  unknown  in  any  existing  Reptiles,  but  exemplified 
in  Iguanodon^  Sctlidosaurus,  Pareiasaurus,  reappears,  so  to  speak,  in 
certain  Mammalia,  and  here  in  members  of  the  class  which  by  their 
low  position  according  to  cerebral  characters,  with  genital  and  con- 
comitant modifications,  show  a  near  approach  to  the  cold-blooded 
Ovipara :  the  -Sloth  and  Kangaroo  are  examples. 

But  cranial  characters  of  lack,  as  of  gain,  are  not  wanting  in  this 
comparative  glance.  The  lingering  evidence,  in  Reptiles,  of  vegeta- 
tive repetition,  as  manifested  by  multiplied  centres  of  ossification  in 
the  facial  blastema,  has  disappeared.  The  ectopterygoid  ceases  to 
exist  in  both  Theri-  and  Dicynodonts ;  that  bone  never  reappears 
in  the  mammalian  series. 

In  no  existing  Reptilia  is  the  principle  of  differentiation  of  struc- 
ture adapting  particular  teeth  for  special  functions  exemplified  as  in 
the  extinct  Theriodontia.  Not  until  the  discovery  of  members  of 
this  order  of  Reptilia  could  the  anatomist  specify  "incisors," 
"molars,"  "canines/*  in  the  dental  series,  by  characters  of  size, 
shape,  and  relative  position,  with  the  same  certainty,  or  on  as  satis- 
factory grounds,  as  in  the  warm-blooded  quadrupeds.  With  the 
carnivorous  type  of  incisors,  canines,  and  molars  we  now  have  evi- 
donco  of  an  associated  humeral  structure  unknown  in  any  lacertian 
or  other  existing  reptilian  fore  limb,  but  a  structure  reappearing  in 
certain  mammab  and  notably  in  the  implacentai  group  of  Mar- 
supialia  and  in  the  Ovo-viviparous  Monotremes. 

In  one  of  the  species  of  Saurians  with  what  is  now  the  mam- 
malian type  of  humerus  and  of  dentition,  evidence,  for  which  I  am 
indebted  to  the  Governor  of  the  Cape  of  Good  Hope,  Sir  Henry 
Barkly,  K.C.B.,  has  reached  me  of  the  bony  structure  of  the  fore 
paw,  which  again  shows  an  advance  towards  the  mammalian  type. 
The  pollex  has  two  phalanges ;  the  four  other  digits  have  each  three 
phalanges.  The  slight  difference  in  length  in  these  fingers  is  due, 
as  in  a  dog's  paw,  to  difference  of  length  in  such  phalanges,  not  to 
difference  of  number  of  these,  not  to  excess  in  the  third  and  fourth 
digits  beyond  the  number  three,  which  number  rules  in  the  fingers 
of  all  terrestrial  mammals. 

Reverting  to  the  chief  character  of  the  Theriodont  reptiles,  a  fact 
of  some  significance  may  be  noted,  viz.  that  the  incisive  formula  of 
some  of  the  species  is  repeated  in  the  low  marsupial  order  of  mam- 
mals. Didelphis,  e.  g.,  has  t.  ~^,  as  in  Oynodraco ;  Thylacinus 
and  Sarcophilus  have  t.  ^,  as  in  Cynochampsa.  In  no  placental 
carnivore  do  the  incisors  exceed  ^. 

In  tho  class  of  cold-blooded,  air-breathing,  naked  Ovipara,  as 
known  to  zoology  by  existing  species,  the  characters  above  specified, 
discussed,  and  compared  are  wanting.    They  would  have  been  un- 
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known  and  unsuspected  as  reptilian  ones  by  zootomiste,  save  through 
the  researches  of  the  palaeontologist. 

If  the  gap  in  the  animal  series  between  the  Mee^itoic  and 
bimanous  air-breathers  had  not  been  filled  up  otherwise  &an  by 
reptiles,  the  remnant  of  that  class  which  has  survived  and ,  reached 
our  times  would  have  testified  to  total  loss  of  such  gains  of  organiza- 
tion as  had  enriched  the  ancestors  or  predecessors  of  modern 
tortoises,  lizards,  and  crocodiles. 

We  now  know  that  not  one  of  these  gains  has  been  lost,  but  has 
been  handed  on  and  advanced  through  a  higher  type  of  Vertebrate, 
of  which  type  we  trace  the  dawn  back  to  the  period  when  Reptiles 
were  at  their  best,  grandest  in  bulk,  most  numerous  in  individuals, 
most  varied  in  species,  best  endowed  with  kinds  and  powers  of  loco- 
motion and  with  the  instruments  for  obtaining  and  dealing  with 
food. 

Has  the  transference  of  structures  from  the  reptilian  to  the 
mammalian  type  been  a  seeming  one,  delusive,  due  to  accidental 
coincidence  in  animal  species  independently  (thaumatogenously) 
created  ?  or  was  the  transference  real,  consequent  on  nomogeny  or 
the  incoming  of  species  by  secondary  law,  the  mode  of  operation  of 
which  we  have  still  to  learn  ?  Certain  it  is  that  the  lost  reptilian 
structures  dealt  with  in  the  present  paper  are  now  manifested  by 
quadrupeds  with  a  higher  condition  of  cerebral,  circulatory,  respira- 
tory and  togumentary  systems,  the  acquisition  of  which  is  not 
intelligible  to  the  writer  on  either  the  Lamarckian  or  the  Darwinian 
hypothesis. 

EXPLANATION  OF  PLATE  XI. 

Cynodraco  major \ 

Fig.  1.  Nodule  of  Karoo  clay-stone  with  fore  part  of  skull,  the  upper  canines 
exposed  (<?,  <?.). 

2.  Side  view  of  crown  of  right  upper  canine. 

3.  TransYerse  section  of  ditto  at  the  dotted  line  c,  fig.  2. 

4.  Portion  of  canine,  magn.  2  diam.,  showing  serrations  of  the  trenchant 

hind  border,  c. 
6.  Upper  view  of  fore  end  of  mandible,  showing  transverse  sections  of  the 
crown-base  of  the  incisors  (i  1,  2,  3,  4)  and  canines  (c'),  with  the 
crowns  of  the  upper  canines  {c,  c). 

6.  Front  (thenal)  view  of  left  humerus,  half  natural  size. 

7.  Back  (anconal)  view  of  left  humerus,  half  nat.  size. 

8.  Proximal  end,  abraded,  of  left  humerus,  half  nat  size. 

9.  Distal  end,  less  abraded,  of  left  humerus,  half  nat.  size. 

10.  Front  (thenal)  view  of  left  humerus  of  Uromasiix  spitiipes,  nat.  size. 

11.  Back  (anconal)  view  of  left  humerus  of  Uramastix  spinipes,  nat.  size. 
In  the  figures  of  the  humerus,  a,  "  head ; "  b,  ectotuberosity,  here  the  be- 
ginning of  the  delto- pectoral  crest  (b  b') ;  c,  en  to  tuberosity,  not  well  defined ;  rf, 
olecranal  depression;  i,  beginning  of  "supinator  ridge,"  ending  at  c,  the 
ectepicondyle  (the  ridge  is  less  developed  in  Uromasttx);  ft  entepicondylar 
ridge ;  f,  entepicondyle :  /,  ulnar  condyle ;  ff,  radial  condyle ;  h,  bridge  de- 
fining ky  the  entepicondylar  canal  (fig.  6) ;  m,  bridge  defining  the  ectepi- 
condylar  canal  (figs.  10  and  11).  All  the  figures  of  the  natural  size,  gave  where 
otherwise  expressed. 
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DttCTOION. 

The  President  (Mr.  Evans)  remarked  that  Prof.  Owen's  paper 
was  a  inoet  important  and  suggestive  one,  especially  as  regarded 
the  views  advanced  respecting  the  connexion  between  these  old 
Carnivorous  reptiles  and  the  Mammalian  Carnivores. 

£h>£  Seeley  remarked  upon  the  extraordinary  characters  pre- 
sen.te$  by  the  creature  described  by  the  author,  and  expressed  his 
regret  at  the  want  of  additional  materials,  which  might  have  thrown 
a  further  light  upon  the  difficult  and  important  questions  raised  in 
the  paper.  He  thought  that  if  all  the  forms  referred  to  the  Reptilia 
were  to  be  regarded  as  belonging  to  that  class,  the  latter  would  be 
rather  difficult  to  define.  The  present  representatives  of  the  Reptilia 
are  the  Chelonia,  Crocodilia,  Lacertilia,  and  Ophidia ;  and  any  forms 
departing  from  these  are  not  strictly  Reptiles  in  the  ordinary  senso 
of  the  term.  He  thought  the  present  fossil  presented  some  Chelonian 
characters,  but  that  in  many  Lizards  we  may  find  indications  of  a 
dentition  similar  to  that  of  the  fossil.  He  considered  that  there 
could  be  no  doubt  as  to  the  connexion  between  Reptiles  and  Mammals, 
and  that  Prof.  Huxley  was  wrong  in  his  views  as  to  the  relation- 
ship between  Birds  and  Reptiles.  Every  mammalian  type  has  a 
reptilian  brain  in  its  earliest  stages.  The  suggestion  of  the  forma- 
tion of  a  new  order  seemed  to  him  to  be  founded  upon  certain 
points  which  could  not  be  regarded  as  absolutely  proved. 

Prof.  T.  Rupert  Jokes  congratulated  the  Society  on  having  been 
the  medium  of  publication  of  the  magnificent  series  of  Fossil  Reptiles 
characteristic  of  South  Africa.  He  was  sure  that  to  Pro!  Owen  it 
must  be  a  heartfelt  pleasure  to  have  been  the  immediate  elucidator 
of  these  wonderful  creatures  of  manifold  and  rare  structures,  brought 
out  by  his  many  years  of  continued  labour  on  the  collections  made 
by  Bain,  Orpen,  Atherston,  and  others.  Together  with  the  illus- 
trated descriptions  of  Professor  Huxley,  his  lucid  and  powerful 
expositions  have  made  the  history  of  these  creatures  known  to  the 
world ;  and  they  will  prove  a  lasting  monument  of  his  persevering  and 
elucidative  work.  Prof.  Jones  added  a  few  words  on  the  geological 
occurrence  and  distribution  of  the  Dicynodont  and  associated  Reptiles 
in  the  Karoo  formation  of  South  Africa,  its  lacustrine  or  estuarine 
origin,  its  enormous  thickness,  wide  extent,  and  probable  age  as  early 
Mesozoic. 

Prof.  Duncan  maintained  the  necessity  of  accepting  the  Reptilian 
type  as  here  understood  by  the  author,  and  remarked  that  the  em- 
bryonic forms  of  mammals  are  reptilian.  The  question  seemed  to 
him  to  be  one  of  probabilities.  The  old  beds  contain  the  foreshadow- 
inga  of  higher  forms  of  animals. 

Prof.  Owen,  in  reply,  stated  that  after  thirty  years  of  work  on  fossils 
he  had  arrived  at  the  conclusion  that  the  artificial  line  between  the 
Palaeozoic  and  Mesozoic  series  seems  to  need  to  be  raised  so  as  to  in- 
clude the  Trias.  The  only  fossil  fish  from  the  bods  yielding  the 
fossil  described  appeared,  to  be  Palaeozoic.  He  justified  the  reference 
of  the  fossil  to  the  Rcptilia,  and  remarked  that  in  no  Reptile  does 
the  ramus  of  the  lower  jaw  consist  of  one  piece* 
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13.  On  the  Occurrence  of  the  Genus  AsTBOCunorES  (Austin)  in  the 
Scotch  Cabbonifeeous  Limestone  Series ;  with  the  Description  of 
a  new  Species  (A.  ?  Bensiei),  and  Remarks  on  the  Genus.  By  B. 
Etheridgb,  Jun.,  Esq.,  F.G.S.     (Read  February  2,  1876.) 

[Plates  XH.  &  XIII.] 

IyTEODUcnoH. — In  a  paper  entitled  "  Proposed  Arrangement  of  the 
Echinodermata "  &c.*,  Messrs.  Austin  referred  to  a  genus  which 
they  proposed  to  establish  under  the  name  of  Astracrinites,  in  the 
following  words : — "Another  genus  (Astracrinites  of  our  MS.)  offers 
so  many  affinities  to  the  recent  and  fossil  Echinodermata,  that  wo 
consider  it  the  most  remarkable  of  all  the  known  genera.  By  its 
being  lobed  it  approaches  to  the  LobisteVaf ;  its  ambulacra,  spines, 
and  arms  mark  it  as  allied  to  the  Echinites,  while  the  arrangement 
of  its  calcareous  plates  connects  it  with  the  Lilies  of  the  ocean.  In 
short,  it  possesses  the  lobes  of  a  Starfish,  the  ambulacra  and  spines 
of  a  Sea-urchin,  and  the  plates  of  a  Crinoid.  It  is  further  remark- 
able by  deviating  from  the  quinary  type  so  prevalent  in  the  Echi- 
nodermata :  the  lobes  and  ambulacra  of  this  new  genus  are  each 
four  in  number." 

In  the  following  year  Messrs.  Austin  described  this  curious  and 
aberrant  form  under  the  name  of  Astracrinites  tetragonus.  Their 
description  is  as  follows i : — 

"Family  ASTBACRINID^l, 
"  Consisting  of  the  genera  Astracrinites  and  Aporocrinites ; 
"  Genus  Astrocbjnttes,  Austin. 
"  JDef. — Dorso-central  plate  quadrangular,  to  which  four  pairs  of 
elongated  plates  are  attached,  imparting  a  lobed  shape  to  the  fossil. 
In  the  retiring  angles  at  the  base  of  the  four  lobes  are  a  like  number 
of  ambulacra.    Mouth  central.    Anus  lateral. 

11  A.  tetragonus,  Austin. 

"  Dcf. — The  plates  of  this  species  agree  with  the  generic  defini- 
tion. Each  of  the  elongated  plates  has  two  or  three  rows  of  minute 
tubercles  around  its  outer  margin,  apparently  for  the  attachment  of 
spines.  The  ambulacra  have  each  a  double  row  of  pores  placed 
centrally,  with  marginal  tubercles.  Near  the  centre  of  the  dorso- 
central  plate  is  an  oval  eminence,  apparently  analogous  to  the  twa- 
dreporiform  tubercle  on  the  dorsal  surface  of  the  true  Starfishes." 

In  neither  of  these  communications  did  the  authors  assign  any 
locality  to  their  fossil ;  but  afterwards  one  of  them,  Fort-Major 
Austin,  in  a  paper  read  before  this  Society,  "  Observations  on  the 

*  Ann.  A  Mag.  Nat  Hist.  3842,  x.  p.  112. 

t  The  Lobistella  of  Austin  correspond  to  the  Cirrhigrada  of  Forbes. 

J  Op.  cti.  1843,  xi.  pp.  205,  206. 
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Cystidea  of  M.  von  Buch,  and  the  Crinoidea  generally,"  gave  the 
horizon  and  locality  as  Carboniferous  limestone,  Yorkshire*.  The 
name  Astracrinites  has  been  rejected  by  Dr.  H.  G.  Bronn,  on 
account  of  its  close  resemblance  to  AsterocrinUes,  Minister ;  and  he 
has  proposed  in  its  place  that  of  Zygocrinusf.  Dr.  F.  Romer 
observes  that  the  four-rayed  structure  of  this  fossil  more  properly 
allies  it  with  the  Cysfcoidea  than  with  the  Blastoidea,  which  it  other- 
wise considerably  resembles  J. 

Prof,  de  Koninck  and  M.  lo  Hon  §  refer  Zygoerinus  to  the  Blas- 
toidea, and  state  that  the  genus  differs  from  Pentremites  by  the 
absence  of  ovarian  apertures  and  the  possession  of  separate  openings 
for  the  mouth  and  anus. 

Prof.  Morris  has  altered  Austin's  name  Astrocrinites  into  Astro- 
crinus\\,  and  doos  not  recognize  Bronn's  name  Zygoerinus  in  con- 
nexion with  it.     He  gives  Settle  as  the  locality. 

The  late  Prof.  Pictet  provisionally  placed  Zygoerinus  in  the  Blas- 
toidea, stating  at  the  same  time  that  its  structure  indicated  a  com- 
plete analogy  with  that  of  CodasUr  [  Codonaster],  M'Coy,  except  that 
it  possesses  four  pseudambulacra,  instead  of  five  as  in  the  latter  %. 

The  substitution  of  generic  names  by  various  authors  for  trivial 
causes  has  given  rise  to  endless  confusion ;  and  as  I  oannot  perceive 
the  desirability  of  adopting  Dr.  Bronn's  substitution  of  Zygoerinus 
for  Austin's  Astrocrinites,  I  have  much  pleasure  in  restoring  the 
latter,  notwithstanding  its  resemblance  to  Asterocrinites,  Miinster, 
the  difference  being  sufficiently  well  marked  to  prevent  any  confu- 
sion of  the  two  names.  A  very  eminent  authority,  Prof.  A.  Agassiz, 
thus  writes  on  this  subject**: — "  Wo  ought  not  to  reject  names  dif- 
fering so  little  as  Moulinia,  Moulinsia,  Moulinsium,  Cassidula,  Cas- 
sidulus,  simply  because  they  are  likely  to  be  mistaken  for  one 
another;  in  our  present  condition,  with  an  infinite  number  of 
genera,  a  difference,  no  matter  how  slight,  should  be  sufficient 
reason  for  retaining  the  name  instead  of  coining  a  new  one,  which 
is  just  as  likely  to  fall  into  the  same  category,  and  resemble  another 
name  in  a  different  department  to  as  great  an  extent." 

These  quotations  comprise  all  the  published  information  I  have 
been  able  to  gather  concerning  the  history  of  Astrocrinites  tetra- 
gonus,  Austin. 

I  have  now  the  pleasure  of  bringing  under  the  notice  of  the 
Society  some  small  and  highly  interesting  fossils  lately  discovered 
by  Mr.  James  Bennie,  during  his  duties  as  one  of  the  fossil-collec- 
tors of  the  Scotch  branch  of  H.M.  Geological  Survey.  In  doing 
so  I  have  to  thank  Prof.  Ramsay,  F.R.S.,  Director  General  of  the 
Survey,  for  permission,  obtained  through  Prof.  Geikie,  F.R.S.,  to 

*  Quart.  Journ.  GeoL  Soc.  1848,  iv.  p.  293. 
t  Index  PoL  Nomenclator.,  1848,  p.  1381. 

SWiegmann's  Archiv  f.  Naturg.  1851,  p.  390. 
Rech.  sur  lea  Crinoides  du  Terr.  Carb.  Belg.,  1854,  pp.  189  A  193, 
II  Cat  Brit.  Fo&.  2nd  edit.  (1854)  p.  72. 
If  Trait*  de  Pal.,  1857,  iv.  p.  296. 
**  Bevbion  of  the  Echini,  pte.  1  A  2  <1872),  pp.  23,  24, 
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publish  these  notes  otherwise  than  through  the  regular  channel.  The 
fossils  in  question,  found  by  Mr.  Bonnie  both  in  the  Carboniferous 
series  of  the  Lothians  and  Fife,  are  very  closely  allied,  if  not  iden- 
tical, with  the  genus  AstrocrinUes ;  but  as  they  appear  to  differ  in 
certain  minor  points  from  the  typical  species,  I  have  considered  the 
form  to  be  an  undescribed  species,  and  have  named  it  A3  Benniei, 
after  Mr.  Bennie,  to  whose  acute  observation  we  are  indebted  for 
the  discovery  of  the  specimens.  Unfortunately  the  majority  are 
much  crushed,  although  a  few  are  intact;  and  in  all,  the  individual 
component  parts  retained  in  each  specimen  are  in  a  fine  state  of 
preservation. 

During  my  investigations  into  the  structure  of  A3  Benniei  I  have 
been  favoured  by  Fort-Major  Austin  with  a  drawing  and  a  specimen 
of  his  A.  tetragonus,  and  by  Prof.  T.  McE.  Hughes  with  the  loan 
of  specimens  from  the  Cambridge  Museum,  which  I  recognized 
in  the  collection  when  visiting  that  Museum  some  time  since.  I 
take  this  opportunity  of  thanking  both  these  gentlemen  for  their 
attention  and  kindness. 

1.  Description  of  the  Fossils. 

(a)  General  Form. — The  body  or  calyx  is  guadriradiate  ,with  con- 
vex prominent  lobes,  three  of  which  are  alike  and  project  more  than 
the  fourth,  which  varies  considerably  in  its  structure  from  the  other 
three.  The  deep  reentering  angles  between  the  lobes  are  occupied 
by  the  pseudambulacra.  The  dorsal  surface,  or  that  answering  to 
the  attached  surface  of  a  Crinoid,  is  convex,  and  covered  by  closely 
set  tubercles,  but  without  any  sign  of  a  point  of  attachment  for  a  stem. 
The  ventral  surface  is  flattened,  with  a  large  central  aperture,  from 
which  radiate  the  four  pseudambulacra.  On  the  nonsymmetrical 
lobe,  and  excentric,  as  compared  with  the  ambtdacral  system,  is  a 
second  and  pyriform  aperture  of  complex  structure. 

(b)  Component  Parts. — It  will  perhaps  be  more  intelligible  if  I 
describe  the  plates  constituting  A3  Benniei  as  those  forming  the 
three  symmetrical  lobes  and  those  composing  the  unsymmetrical 
lobe.  The  minute  size  and  crushed  nature  of  the  majority  of  the 
specimens,  added  to  the  very  peculiar  arrangement  of  their  parts, 
make  this  anything  but  an  easy  task,  which  has,  however,  been 
lightened  by  the  skill  with  which  Mr.  Bennie  has  sifted  and  washed 
samples  of  the  disintegrated  shale  in  which  A3  Benniei  occurs,  and 
so  obtained  some,  at  least,  of  the  plates  in  a  free  and  separate  con- 
dition. Immediately  surrounding  the  central  aperture,  on  the  ven- 
tral surface,  and  in  the  angles  between  the  ambulacra,  are  what  I 
have,  for  the  want  of  a  better  term,  called  the  three  "  spearhead- 
shaped  "  plates  (a,  figs.  5  &  8),  from  their  general  resemblance  to 
the  head  of  a  spear,  having  a  small  truncated  base,  constricted  shaft, 
and  expanded  head.  We  have  never  succeeded  in  obtaining  these 
little  plates  separate,  but  only  in  conjunction  (a,  fig.  8)  with  those 
next  about  to  be  described.  These  "  spearhead "  plates  are  suc- 
ceeded in  radial  order  by  three  larger  pieces  (6,  figs.  1,  4,  5,  &  8), 
thick,  strongly  arched,  and  convex,  ornamented  along  the  median 
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line  or  crest  with  several  rows  of  peculiar  tubercles  (figB.  21  & 
22).  A  few  examples  of  these  plates  have  been  obtained  by  Mr. 
Bennie,  in  the  manner  previously  explained,  separate  or  united 
to  their  "spearhead"  plates  (b,  fig.  8).  So  far  these  are  the 
plates  of  the  three  symmetrical  lobes  visible  on  the  ventral  sur- 
face of  the  fossils ;  whilst  the  points  of  junction  of  the  crested  and 
tuberculated  plates  just  mentioned  with  the  succeeding  pieces 
forming  the  dorsal  surface  are  the  most  acute  or  prominently  ex- 
tended portions  in  the  general  periphery  (c,  fig.  1).  These  three 
crested  plates,  to  the  convexity  of  which  the  fossils  owe  much  of 
their  lobate  character,  are  united  with  the  truncated  apices  of  four 
other  plates,  which  enter  into  and  chiefly  form  the  dorsal  surface, 
and  with  which  they  alternate.  Two  of  these  are  arrowhead- 
shaped  or  forked  plates,  and  alike  («,  fig.  3 ;  6,  fig.  6 ;  figs.  7  &  7*); 
whilst  the  other  two  appear  to  be  different ;  but  of  their  exact  form 
I  am  not  at  present  quite  satisfied.  A  number  of  the  forked  plates 
have  been  picked  out  by  Mr.  Bennie  (figs.  7  &  7*);  they  are 
slightly  concave  internally,  with,  on  each  side  of  the  fork,  two 
notched  or  angular  shoulders  (6,  fig.  7*)  and  a  central  concave  de- 
pression (a,  fig.  7*),  into  which  the  apex  of  the  pseudambulacrum  fits. 
Each  half  or  fork  of  the  forked  plates  is  convex  (c,  fig.  7) ;  and  the 
lateral  union  of  every  two  contiguous  halves  gives  rise  to  the  lobes, 
which  are  continuations  of  those  formed  by  the  crested  and  tuber- 
culated plates  on  the  ventral  surface  (6,  fig.  8).  The  closely  packed 
tubercles  on  the  dorsal  surface  usually  hide  the  sutures  between  these 
forked  plates ;  but  they  are  visible  in  some  specimens  (6,  fig.  3, 
a,  fig.  6).  As  previously  stated,  I  can  with  certainty  only  assert 
that  two  of  these  plates  forming  the  dorsal  surface  have  the  form 
represented  by  fig.  7 — the  other  two  (a,  fig.  10),  bounding  the  pseud- 
ambulacra  bordering  the  unsymmetrical  lobe,  being  apparently 
different  in  form.  In  A.  tetragonus  the  Messrs.  Austin  describe  a 
dorsocentral  plate ;  but  I  am  again  uncertain  whether  the  present 
little  fossils  possess  one,  although  in  some  specimens  there  are 
certain  small  grooves  amongst  the  tubercles  which  appear  to  mark 
the  outline  of  such  a  plate.  If  a  dorsocentral  plate  is  present,  then 
it  is  to  be  seen  in  fig.  12,  where  lateral  pressure  has  thrust  it  up 
out  of  its  place  (a,  fig.  12). 

Passing  now  to  tho  fourth  or  unsymmetrical  lobe,  we  meet  with 
a  much  more  complex  structure,  exceedingly  well  shown  in  fig.  5. 
The  surface  is  much  more  flattened  than  that  of  either  of  the  other 
three  lobes  (6,  fig.  5),  and  occupied  by  an  elongated  pyriform  oper- 
ture  (fig.  5 ;  a,  fig.  20).  On  one  side  of  the  latter  is  an  elongated 
plate  (c,  fig.  5 ;  6,  fig.  20),  the  ambulacral  extremity  of  which  has 
much  the  appearance  of  being  half  one  of  the  "  spearhead  "  plates 
(a,  fig.  5).  If  this  view  is  correct,  the  corresponding  half  on  the 
other  side  (c,  fig.  20)  would  occupy,  during  life,  what  is  now  a 
vacant  space  (d,  fig.  5)  merely  filled  with  matrix.  These  two  halves 
partly  bound  the  excentric  aperture,  the  remainder  of  the  latter 
being  excavated  out  of  another  plate (c, fig.  5;  figs.  13  &  14;  d,  fig.  20), 
triangular  or  somewhat  deltoid  in  form,  and  broader  than  long, 
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crossed  by  vertical  scale-like  ridges  (fig.  13)  instead  of  being  orna- 
mented with  tubercles.  It  has  a  projecting  lip  (/,  fig.  5 ;  e,  fig.  20) , 
with  a  minute  inward  ridge  (g,  fig.  5).  Following  this  plate  round 
towards  the  dorsal  surface,  we  find  that  its  pointed  extremity 
(a,  figs.  13  &  14 ;  /,  fig.  20)  is  received  into  the  reentering  angle  of 
yet  another  plate,  which  may  be  seen  in  the  end  view  of  a  specimen 
represented  in  fig.  15  (a),  passing  on  to  the  dorsal  surface,  with 
which  it  unites.  Whether  this  (a,  fig.  15)  is  a  single  plate  or  com- 
posed of  two  portions,  I  am  in  doubt.  In  some  individuals  it  ap- 
pears to  be  entire  (b,  fig.  12 ;  d,  fig.  11),  whilst  in  others  there  is 
certainly  a  division  down  the  centre  from  the  reentering  angle 
separating  it  into  two  halves  (a,  a',  figs.  15  &  16).  In  fig.  16  we 
have  represented  an  internal  view  of  the  crushed  hollow  dorsal  surface 
(with,  at  6,  such  a  separation  of  the  plate  in  question  into  two  halves), 
the  only  remaining  portion  of  the  unsymmetrical  lobe.  The  aper- 
ture-plate (e,  fig.  5 ;  a,  fig.  15 ;  d ,  fig.  20)  presents,  when  viewed 
internally,  some  points  of  interest.  The  inward  projecting  ridge 
described  as  at  g  (fig.  5)  is  seen  to  be  a  portion  of  a  minute  circular 
cup-like  depression  (6,  fig.  14),  which  leads  inwards  and  downwards 
by  a  small  channel  or  groove  (c,  fig.  14)  towards  the  general  cavity 
of  the  body.  At  the  edge  of  the  interior  and  vertical  portion  of  the 
plate  this  channel  appears  to  break  up  into  two  or  three  folds 
(<*,  fig.  14). 

1  have  endeavoured  in  the  foregoing  description,  with  the  aid  of 
Mr.  Sharman's  truthful  figures,  to  convey  some  idea  of  the  plates 
composing  this  little  organism,  although  it  is  difficult  to  convey  to 
others  a  clear  and  comprehensive  view  of  its  structure,  especially 
when  we  take  into  consideration  its  small  size  and  usually  crushed 
condition. 

(c)  Pseudambulacra. — The  pseudambulacra  are  four  in  number 
(a,  fig.  1),  long,  narrow,  very  slightly  petaloid,  and  radiate  outwards 
from  the  central  aperture,  one  to  each  of  the  four  concavities  or  inter- 
lobular spaces  between  the  arched  and  convex  lobes  of  the  calyx.  Each 
pseudambulacrum  is  more  or  less  hexagonal  in  section,  as  indicated  in 
fig.  18,  which  is  a  diagrammatic  cross  section  of  one  Mr.  Bennie  has 
succeeded  in  obtaining  separated  from  the  remainder  of  the  organism 
(fig.  19).  The  component  parts  of  the  pseudambulacra  are  usually  so 
closely  fitted  together  that  the  plates  can  only  be  occasionally  dis- 
tinguished. Tho  more  or  less  nearly  horizontal  upper  surface 
is  traversed  by  a  median  (and  for  the  size  of  the  organism), 
deep  longitudinal  groove.  The  sides  of  each  pseudambulacrum  are 
bent  down  at  a  considerable  angle,  and  in  weathered  specimens 
are  seen  to  be  formed  by  two  series  of  small  plates  on  each  side.  The 
pseudambulacral  groove  (a,  fig.  17)  gives  off  other,  short,  lateral,  alter- 
nate grooves  (6,  fig.  17),  which  terminate  in  small  and  nearly  round 
depressions  (c,  fig.  17)  or  sockets.  Contiguous  to  each  of  these,  and 
separated  only  by  a  small  interspace,  is  another  depression  (d,  fig.  17) 
somewhat  more  than  halfway  between  the  pseudambulacral  groove  and 
the  margin,  also  connected  by  another  groove  (f,  fig.  17)  with  a  slit- 
like opening  (or  pore?)  (e,  fig.  17)  between  the  side  plates  g  and  h. 
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The  small  spaces  separating  the  inner  contiguous  sockets  (e  and  d> 
fig.  17)  are  prominent,  and  give  a  longitudinal  ridge-like  appearance 
to  both  sides  of  the  pseudambulacrum,  better  seen  in  the  cross  sec- 
tion (c,  fig.  18).  The  slit-like  opening  (e,  fig.  17)  may  represent  the 
pore  of  the  pore-plate  in  a  Pentremite,  when  the  smaller  plate  (h, 
fig.  17)  would  perhaps  be  identical  with  the  supplementary  pore- 
plate  in  the  same  genus ;  it  appears,  however,  in  the  present  organ- 
ism to  be  itself  sometimes  pierced  by  a  pore.  On  the  underside 
of  the  pseudambulacrum,  at  the  base  or  the  end  near  the  ventral 
aperture,  is  a  peculiar  projecting  process  (e,  fig.  19). 

(d)  Apertures. — The  ventral  central  aperture,  when  the  spear- 
head-shaped plates  (or,  fig.  6)  are*  in  position,  is  in  the  form  of  a 
St.  George's  cross ;  but  when  these  are  removed  it  is  seen  as  in 
fig.  4,  much  larger  and  quadrangular.  The  crushed  condition  and 
delicate  nature  of  this  part  of  the  calyx  in  all  these  little  fossils 
render  it  extremely  difficult  to  form  an  absolutely  correct  idea  as 
to  what  was  the  perfect  state  of  the  central  aperture.  I  have  not 
seen  any  evidence  of  supplementary  pores  surrounding  the  latter 
with  which  the  pseudambulacral  grooves  communicate,  similar  to 
those  discovered  by  Mr.  Billings  in  the  apex  of  Pentremites  conoideui, 
Hall*. 

The  excentric  aperture  (fig.  5,  &  a,  fig.  20)  is  pyriform  and  filled 
in,  or  perhaps  covered  by  a  plate  very  valve-  or  lid-like  in  cha- 
racter. It  is  a  narrow  elongate  plate  (h%  fig.  5 ;  g,  fig.  20),  slightly 
broader  at  the  middle  portion  than  at  each  extremity,  the  outer  of 
which  is  split  up  into  a  series  of  small  prolongations  or  fingers, 
resting  on  the  margins  of  the  aperture.  In  the  figured  specimen 
(fig.  5)  the  two  terminal  ones  are  the  longest,  whilst  on  the  best- 
preserved  side  of  the  plate  there  are  three  lateral  digitations ;  the 
former,  or  two  terminal  ones,  rest  one  on  each  aide  of  the  previously 
mentioned  ridge,  running  inwards  towards  a  small  cup-like  depression 
07,  %.  5;  h9  Kg.  14). 

(e)  Ornamentation. — The  dorsal  surface  and  interradial  lobes  are 
ornamented  with  tubercles — those  of  the  dorsal  surface  sharp  and 
tooth-like  (a,  fig.  24),  those  of  the  plates  short,  conical,  bluntly 
pointed,  and  impunctate,  fluted  down  the  sides,  all  set  independently 
of  one  another,  and  with  a  plain  smooth  apex  (figs.  21  &  22).  The 
convex-crested  plates  on  the  ventral  surface  have  usually  each  three 
or  more  rows  of  these  tubercles  well  developed,  the  central  row 
being  the  largest. 

(f )  Spines. — Adhering  to  one  of  the  specimens  by  some  particles 
of  matrix,  but  not  attached  in  place,  is  a  microscopic  spine  (fig.  23). 
.  (&)  M<rireporiform  Tubercle.— I  have  quite  failed  to  detect  any 
body  or  projection  of  or  on  the  surface  which  could  for  one  moment 
be  construed  as  representing  this  organ.  It  is  true  that  on  one  of 
pne  »Pw™me  (c,  fig>  3;  6>  fig  24)  obtained  by  ^  j^nnie  at 
^riop8,  there  is  a  peculiar  body,  which  I  at  first  thought  might 
AuJtf'  emmence  on  tn*  dorsal  surface "  mentioned  by  Messrs. 

^^      ^'^tra9(mu9^  but  was  puzzled  how  to  account  for  ite  pie- 
PaL  flowilg  (Cfeoi.  flunr#  Canada),  ii.  pt.  1,  p.  103. 
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sence  an  only  one  individual  out  of  the  series  of  specimens  in  the 
Survey  collection.  When  making  the  excellent  drawings  which 
accompany  this  paper,  my  Mend  and  colleague,  Mr.  G.  Sharman, 
noticed  that  the  little  body  represented  in  the  figure,  although  a 
good  deal  worn,  possessed  a  spiral  form — a  fact  which  I  had  over* 
looked.  It  then  struck  me  that  this  might  he  an  accidentally  adherent 
specimen  of  a  somewhat  common  Carboniferous  Foraminif  er,  Valvu- 
Una.  For  the  sake  of  comparison,  an  enlarged  figure  of  a  species  of 
Valvulina  is  also  given  (fig.  25) ;  and  it  will  be  observed  that  the  re- 
semblance is  very  close.  In  some  specimens  the  tubercles  on  the 
dorsocentral  plate  certainly  appear  to  be  somewhat  worn  off,  or  per- 
haps less  developed  than  on  other  parts  of  the  surface ;  but  still  in 
no  way  is  there  to  be  distinguished  any  resemblance  to  a  Madrepori- 
fonn  tubercle,  such  as  is  described  by  Major  Austin  in  his  species. 

2.  Affinities  of  A.  ?  Benniei  with  A.  tetragonus,  Austin. 

The  specimen  kindly  forwarded  to  me  by  Fort-Major  Austin,  like 
those  in  the  Cambridge  Museum,  is  from  limestone,  and  in  a  bad 
state  of  preservation ;  nevertheless  in  the  former  I  can  distinguish 
the  two  pieces  which  I  have  called  the  forked  plates  (b,  fig.  6, 
fig.  7),  and  the  three  arched  and  crested  plates  bearing  tubercles 
(r,  fig.  1 ;  6,  fig.  5),  although  I  cannot  see  the  succeeding  spear- 
head-shaped pieces  (a,  fig.  5).  The  dorsocentral  plate  has  been 
accidentally  removed  in  the  specimen  in  question,  leaving  only 
its  cavity  (cr,  fig.  26).  From  a  comparison  of  these  with  the  spe- 
cimen in  our  collection,  showing  the  apparently  displaced  plate  on 
the  dorsal  surface  (a,  fig.  12),  I  think  it  more  than  probable  that 
this  dorsocentral  plate  did  exist  in  A.  ?  Benniei.  The  fourth  or  un- 
symmetrical  lobe  in  this  specimen  of  A.  tetragonus  is  not  well  pre- 
served, but  appears  to  be  generally  constituted  as  in  our  species. 
Under  these  circumstances  I  think  there  can  be  very  little  doubt  as 
to  the  close  congeneric  nature  of  these  two  fossils ;  for  they  coin- 
cide in  the  following  points — the  general  tetraradiate  and  lobate 
form,  want  of  symmetry  between  all  the  lobes,  presence  of  both  a 
central  and  interradial  aperture,  possession  of  a  tubercular  orna- 
mentation, absence  of  a  stalk  or  column,  and  the  arrangement  of 
the  pseudambulacra.  On  the  other  hand,  as  previously  stated,  I  have 
quite  failed  to  detect  in  A.  ?  Benniei  any  body  resembling  a  madre- 
poriform  tubercle  permanently  attached;  it  is  also  smaller,  less 
lobate,  and  apparently  of  more  delicate  construction  than  A.  tetra- 
gonus. 

3.  Systematic  position  o/ Astrocrinites. 

In  their  "  Proposed  Arrangement  of  the  Echinodermata "  &c, 
Messrs.  Austin  proposed  a  new  family  for  the  reception  of  their 
genus  Astrocrinites*  (then  only  known  as  a  MS.  name),  the  Astra- 
crinoidea,  afterwards  changed  to  Astraerinidcef. 

Their  first  class,  the  Pinnastdla  (=  Crinoidea  auct),  is  divided 

*  Ann.  &  Mag.  Nat.  Hist  1842,  x.  pp.  106-113. 
t  £.c.l843,xLp.205. 
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into  several  orders,  the  first  two  of  which  are  the  Cionadneti 
(Austin),  or  those  forms  with  a  jointed  flexible  stalk,  and  the 
Liberidat  (Austin),  the  latter  containing  the  family  in  question. 

The  following  remarks  are  devoted  to  a  consideration  of  the  sys- 
tematic position  of  Astrocrinites  ?  Benniei  with  regard  to  the  various 
orders  of  the  Echinodermata  as  at  present  recognized.  I  helieve  I 
am  correct  in  stating  that  throughout  the  Echinoidea,  Asteroidea, 
and  Blastoidea  the  quinqueradial  arrangement  is  steadily  maintained, 
and  that  in  the  Crinoidea,  although  the  arms  become  much  mul- 
tiplied, they  are  primarily  from  five  to  ten  in  number.  On  the 
other  hand,  in  the  Cystoidea  (e.  g.  Apiocystites,  &c.)  the  radii  are 
sometimes  reduced  to  four ;  but  although  such  is  the  case,  they  can 
hardly  be  compared  to  the  radii  of  A.?  Benniei;  for  in  Apiocystites 
they  are  only  recumbent  arms,  whereas  in  the  latter  they  are  pseud- 
ambulacra  imbedded  in  the  plates  of  the  test.  However,  A.  ?  Benniei 
so  far  corresponds  with  some  Cystideans ;  but,  on  the  other  hand, 
there  are  not  any  organs  similar  to  the  pectinated  rhombs  of  that 
Order. 

The  absence  of  a  stem  or  column  for  attachment  tends  to  separate 
this  species  from  the  Crinoidea,  blastoidea,  and  Cystoidea,  although 
we  know  that  in  the  adult  condition  some  Crinoidea  are  free,  and 
that  certain  Cystideans  {Agelacrinites  &c.)  are  asserted  to  be  without 
any  column ;  whilst  in  another,  Lepadocrinus,  there  is  evidence  to 
show  that  it  was  free,  or  that  its  means  of  attachment  were  not  of 
a  permanent  description. 

A.  tetragonwt,  Austin,  has  been  described  as  possessing  a  madre- 
poriforra  body,  which,  if  it  exists  as  described,  would  indicate 
Asteroid  or  Echinoid  affinities ;  there  is,  however,  no  trace  of  such 
an  organ  in  A.  ?  Benniei.  Furthermore,  in  the  Asteroidea  the  ske- 
leton is  composed  of  a  large  number  of  small  plates  united  by  mem- 
brane ;  and  when  a  second  aperture  in  addition  to  the  mouth  is 
present,  it  is  dorsal  and  nearly  central.  In  the  form  under  con- 
sideration the  arrangement  of  the  plates  of  the  calyx  is  quite  different 
from  the  foregoing ;  and  both  apertures,  which  are  constant,  are  on 
the  ventral  surface. 

It  appears  to  me  that  the  forked  plates  (figs.  7  &  7*)  into  which 
are  received  the  apices  of  two  of  the  pseudambulacra,  correspond  with 
the  forked  "  radial "  plates  of  the  Blastoidea,  although  there  is  this 
curious  divergence  from  the  latter  type : — If  we  tafce  a  Pentremite 
for  example,  any  lobe-like  projections  existing  in  the  general  peri- 
phery are  caused  by  the  projection  of  that  part  of  the  radial  plates 
into  which  are  received  the  apices  of  the  pseudambulacra  (a,  fig.  27), 
whereby  the  suture  or  union  of  each  prong  of  the  forked  plates 
with  its  neighbour  lies  more  or  less  in  an  angular  concavity  or  re- 
entering angle  (b,  fig.  27);  in  Astrocrinites  this  arrangement  is 
reversed,  the  pseudambulacra  all  lie  in  deep  concavities  between  the 
convex  and  projecting  lobes,  so  that  in  this  case  the  line  of  union 
of  the  contiguous  prongs  of  the  forked  plates  lies  on  a  convexity, 
instead  of  in  a  concavity  as  in  the  Pentremite. 

Mr.  Billings  has  pointed  out  that  in  the  Pentremite  the  forked 
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plates,  although  called  "  radials,"  do  not  support  the  bases  of  the  pseud- 
ambulacra  as  do  those  plates  in  the  Crinoidea,  but,  on  the  contrary, 
these  are  situated  at  the  apex  of  the  Ptntremite,  the  smaller  extre- 
mity of  each  corresponding  with  the  "  apex  of  the  ambulacrum  of  a 
Sea-urchin  or  of  a  Starfish.  It  also  represents  the  tip  of  the  arm  of 
a  CrinoicL"  Mr.  Billing's  deduction  from  this  is,  that  the  "  forked 
plates  do  not  belong  to  the  radial  but  to  the  perisomatic  system." 
In  a  similar  manner  the  bases  of  the  pseudambulacra  in  AttrocriniU$ 
are  situated  at  the  apex  of  the  fossil,  the  tips  being  received  in  the 
M  radial "  or  forked  plates,  occupying  the  position  of  the  bases  of  the 
arms  of  a  Crinoid  *.  The  three  convex  arched  plates  (6,  fig.  5)  are 
probably  analogous  to  the  interradials  in  the  Blastoidea  (<r,  fig.  27), 
whilst  for  the  truncated  plate  (figs.  13  &  14,  a,  A  fig.  20)  partly  sur- 
rounding the  excentric  aperture  it  is  more  difficult  to  find  a  homo- 
logue,  I  would  ask,  Can  it  be  compared  to  the  fifth  interradial 
plate  of  Nxtcleocrinus  (which,  according  to  Mr.  Billings,  "  is  trun- 
cated at  its  apex  for  the  reception  of  the  oro-anal  orifice  "  f)?  This 
oro-anal  area  of  Nucleocrinvs,  Messrs.  Meek  and  Worthen  tell  us,  is 
wider  and  "  often  more  prominent  above  .  .  .  ,  and  occupied 
by  three  large,  elongated  pieces,  the  middle  one  of  which,  the  anal 
pieee,  is  lanceolate  in  form,  and,  with  the  two  interradials,  fills  all 
the  large  anal  area  down  to  the  base"  J. 

I  have  not  succeeded  in  finding  any  specimen  with  the  central 
opening  closed  by  small  plates  as  in  Nuclmcrinus§,  Qranatocrinus  ||, 
and  some  Pentremitce% ;  nor  are  there  any  apertures  to  be  seen 
analogous  to  those  occurring  at  the  apices  of  the  deltoid  or  inter- 
radial plates  of  these  genera,  the  ovarian  orifices  of  some  authors, 
the  ** respiratory  spiracles"  of  Mr.  Billings**.  Finally,  I  believe 
that  the  peculiar  lid  or  valve  (h,  fig.  5,  g,  fig. 20)  covering  the  inter- 
radial aperture  in  AstrocriniUs  is  analogous  to  that  figured  ft  by 
Messrs.  Meek  and  Worthen  as  covering  the  so-called  anal  aperture 
(the  oro-anal  of  Billings)  in  Oranatoerinus  Norwoodi  (Owen  and 
Shumard),  although  in  position  it  corresponds  with  the  anal  opening 
of  Codonaster,  McCoy,  and  Codonite*,  Meek  and  Worthen.  Both  these 
genera  have  been  transferred  by  Mr.  Billings  to  the  CystoideaJJ. 

The  structure  of  the  ambulacra  appears  to  be  to  a  great  extent 
on  the  plan  of  the  Blastoidea.  Mr.  Billings  has  described  those  of 
Pentremites  pyriformis  at  some  length.  He  says,  "  The,  median 
groove  •  .  .  sends  off  branches,  right  and  left  alternately,  towards 
the  sides  of  the  ambulacrum.  These  branches  do  not  run  directly 
to  the  ambulacrum-pores.  Each  of  them  terminates  at  a  point 
between  the  inner  extremities  of  two  of  the  pores.    There  is  at  this 

*  G«oL  Suit.  Canada,  Pal.  Fom.  ii.  pt.  L  p.  112. 

t  Op.  cit.  p.  115.  \  Illinois  Geol.  Kept.  ii.  p.  275. 

|  Billings,  op.  cit.  p.  117  and  p.  114,  f.  73. 

f  Meek  &  Worthen,  /.  c.  v.  t.  9.  f .  2  a  k  h. 

«T  Billings,  op.  cit.  p.  103. 

•*  Ibid.  tt  I.e.  t.9.  f.  2  b. 

J{  8ee  his  riews,  American  Journ.  8c.  1869,  xlriii.,  1870,  xlix. ;  Ann.  A  Mag. 
Nst  Hi»t  1870,  y.,  1871,  rii.;  Mem.  Geol.  Suit.  Canada,  Pal.  FW  ii.  pt.  i. 
p.  101. 
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point  a  email  pit,  which  appears  to  he  the  socket  of  an  appendage 
quite  distinct  from  the  pinnule.  The  groove  does  not  reach  the 
socket  of  the  pinnule,  which  is  situated  further  out,  between  two 
of  the  pores.  On  the  other  hand,  a  small  groove  runs  from  each  pore, 
inward,  and  terminates  at  another  socket,  about  halfway  between 
the  pore  and  the  main  median  groove  of  the  ambulacrum"  *.  If  the 
description  of  the  pseudambulacrum  of  A 1  Benniei  be  referred  to 
(ante,  p.  107)  and  fig.  17  examined,  a  close  affinity  to  the  foregoing 
will  be  recognized.  The  sockets  at  the  termination  of  the  short 
lateral  grooves  (c,  fig.  17),  I  think,  represent  the  small  pits  de- 
scribed by  Mr.  Billings  in  P.  pyriformis  as  terminating  the  lateral 
grooves  "  at  a  point  between  the  inner  extremities  of  two  of  the 
pores."  The  socket  (d9  fig.  17),  on  the  other  hand,  at  the  end  of 
the  groove  (/,  fig.  17),  running  inwards  from  each  pore  (e,  fig.  17), 
is  similar  to  those  in  P.  pyriformis,  "  about  halfway  between  the 
pore  and  the  main  median  groove  of  the  ambulacrum." 

As  previously  stated,  the  Blastoid  affinities  of  Astrocrinites  (=Zy- 
gocrinus)  have  been  pointed  out  by  Dr.  P.  Homer,  Prof,  de  Koninck, 
M.  le  Hon,  and  the  late  Prof.  Pictet.  It  is  to  this  order  that  I 
would  provisionally  refer  Astrocrinites,  at  any  rate  until  further  evi- 
dence, obtained  from  the  examination  of  more  perfect  specimens 
than  ours,  can  be  adduced  for  or  against  such  a  reference. 

4.  Affinities  and  Differences. 

With  the  Blastoidea  Astrocrinites  agrees  (1)  in  the  nature  and  func- 
tion of  certain  of  the  plates  of  the  calyx,  (2)  in  the  nature,  arrange- 
ment, and  mode  of  growth  of  the  pseudambulacra,  (3)  in  the 
possession  of  a  central  ventral  aperture,  around  which  the  latter 
radiate,  (4)  in  the  presence  of  a  second  ventral  aperture,  excentric 
and  interradial,  closed  by  a  valve  or  lid.  On  the  other  hand,  this  genus 
differs  from  the  Blastoidea  (1)  in  the  quadriradiate  arrangement  of 
its  parts,  (2)  its  free  and  unattached  habit,  (3)  the  presence  of  the 
tubercular  ornamentation ;  added  to  which  the  typical  species  has  been 
described  as  possessing  a  madreporiform  body,  which  ours  does  not. 

5.  Localities  and  Geological  Horizon. 

Astrocrinites  ?  Benniei  was  first  found  by  Mr.  Bennie  at  Carlops 
Quarry,  near  Carlops,  Peeblesshire,  in  shale  overlying  the  No.  2 
limestone  of  the  Lower  Carboniferous  Limestone  group  of  the  Mid- 
lothian Carboniferous  Series,  where  it  occurs  in  considerable  numbers. 
It  was  subsequently  found  plentifully  in  a  bed  of  shale  occupying 
the  same  geological  horizon  at  Kidlaw,  near  Gifford,  Haddingtonshire, 
and  more  sparingly  at  East  Salton  and  Salton  lime-works,  chiefly 
as  fragments ;  again  at  Skateraw  and  East  Barnes,  near  Dunbar, 
in  the  same  horizon,  but  usually  in  a  fragmentary  condition.  A  few 
individuals  were  found  in  the  shale  overlying  the  No.  2  limestone 
at  Lampland,  near  Path-head,  Haddingtonshire,  and  two  fragments 
at  Itoscobie,  Fifeshire,  in  shale  connected  with  one  of  the  lower 

*  Z.cp.  114. 
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limeatonee,  probably  either  No.  1  or  No.  2.  The  No.  2  limestone 
of  the  Midlothian  Carboniferous  Limestone  series  is  probably  the 
equivalent  of  the  Hosie  limestone  of  the  west  of  Scotland. 

P.S.  Since  this  paper  was  written  A.  ?  Benniei  has  also  been  met 
with  at  Cowdens  Quarry,  near  Dumf ermline,  Fife,  in  shale  above  the 
Linn  limestone,  probably  the  equivalent  of  the  No.  1  limestone  of 
the  Midlothian  Lower  Carboniferous  Limestone  group.  (Edinb. 
March  21,  1876.) 


EXPLANATION  OF  JPLATB8  XII.  k  XIII. 

Astroertnites?  Benniei  (R.  Eth.  Jim.). 

PLATlXII. 

.  1.  View  of  ventral  surface,  crushed:  a,  pseudambulacra;  o,  arched,  con- 
Tex,  and  crested  plates  ornamented  with  fluted  tubercles  (flgB.  21  &  22) ; 
ef  suture  between  b  and  half  the  succeeding  forked  plate  (figs.  7  & 
7*);  d,  central  Tentral  aperture;  e,  position  of  the  unsymmetrical 
lobe,  broken  awaj. 

2.  View  of  dorsal  surface,  crushed,  covered  with  spike-like  tubercles 

(a,  fig.  24) :  a,  apices  of  two  of  the  pseudambulacra. 

3.  View  of  dorsal  surface,  somewhat  distorted:  a,  pseudambulacrum ;  b, 

sutures  between  the  forked  plates  e,  e';  c,  adherent  Foraminifer? 
(see  fig.  24,  b) ;  d,  small  encrinite  ossicle  adhering  by  matrix ;  /,  base 
of  the  unsymmetrical  lobe. 

4.  Ventral  surface,  much  weathered :  a,  central  aperture ;  bt  two  convex 

crested  plates ;  //,  position  of  the  third  convex  crested  plate,  which 
has  been  removed ;  b",  position  of  the  unsymmetrical  lobe,  which  has 
also  been  removed ;  e,  pseudambulacra. 

5.  Ventral  surface  of  a  nearly  perfect  specimen :  a.  three  spearhead  plates 

projecting  over  the  pseudambulacra  (the  sutures  between  them  and  the 
arched  plates  are  well  shown) ;  b,  convex  crested  plates,  ornamented 
with  the  fluted  tubercles  (figs.  21  &  22) ;  c,  one  of  the  plates  bounding 
the  excentrio  aperture  (see  b,  fig.  20),  probably  representing  half  one 
of  the  spearhead  plates  a ;  d,  space  which  would  be  occupied  by  the 
other  half  of  this  plate,  with  a  small  portion  of  the  plate  remaining 
(see  c,  fig.  20) ;  e,  the  excentric-aperture  plate  (see  figs.  13  &  14,  and 
rf,  fig.  20) ;  /,  the  projecting  lip  or  this  plate ;  g%  inward  process  of  the 
same ;  h,  lid  or  valve  covering  the  excentric  aperture  with  its  lateral 
digitations;  A,  three  pseudambulacra;  /,  space  which  would  be  occu- 
pied by  the  fourth  pseudambulacrum. 

6.  Dorsal  surface:  a,  sutures  between  the  forked  plates;  0,0,  the  two 

forked  plates ;  c,  base  of  the  unsymmetrical  lobe. 

7.  One  of  toe  forked  plates,  exterior  view  (see  b,  fig.  6") :  a,  concavity  into 

which  the  apex  of  the  pseudambulacrum  is  received ;  6,  crenulated 
ridge ;  c,  convex  halves  of  the  forked  plate. 
7*.  Interior  view  of  the  same :  a,  same  as  in  fig.  7 ;  0,  angular  shoulders. 

8.  Conjoined  spearhead  and  convex  crested  plate,  ornamented  with  fluted 

tubercles,  a  little  laterally  distorted :  a,  spearhead  plate ;  bt  convex 
crested  plate. 

9.  Side  view  of  the  same :  the  dotted  line  in  both  these  figures  shows  posi- 

tion of  suture  between  a  and  6. 

10.  Side  view  of  fig.  5 :  a,  elongated  plate,  corresponding  to  half  one  of 
the  forked  plates ;  0,  pseudambulacrum ;  e,  exoent  ric-aperture  plate, 
side  view ;  a,  the  lip-ltse  projection  of  the  same. 
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Fig.  11.  Dorsal  view  of  fig.  5:  a,  one  of  the'  pseudambulacra ;  6,  porition  of 
the  leoond  pseudaxnbulacrum ;  c,  apex  of  the  third  pseudambulacrum ; 
d,  base  of  toe  unsymmetrioal  lobe. 

PLATlXm. 

Fig.  1&  Dorsal  Tiew  of  a  rather  elongately  lobed  specimen :  a,  dorso-central 
plate  prened  upwards ;  6,  the  base  of  the  unsymmetrioal  lobe ;  c,  ct  e, 
the  three  symmetrical  lobes, 

13.  Exterior  Tiew  of  the  exoentric-aperture  plate :  a,  the  pointed  extre- 

mity received  into  the  re-entering  angle  of  the  plate  or  plates. 

14.  Interior  Tiew  of  the  same :  a,  the  pointed  extremity ;  6,  circular  cap- 

like  depression  on  which  the  apex  of  the  lid  appears  to  rest,  placed  at 
the  end  of  the  inward  ridge  seen  at  g,  fig.  6 ;  c,  channel  leading  in- 
wards from  it ;  df  folds  into  which  the  channel  appears  to  break  up. 

15.  find  view  of  the  unsymmetrioal  lobe :  a,  the  excentrio-aperture  plate 

(figs.  13  k  14  Ac.) ;  b  b\  the  plate  into  which  fits  the  exoentric-aper- 
ture  piste,  with  the  suture  apparently  dividing  it  into  two ;  o,  lip  of 
the  excentrio-aperture  plate. 

16.  Interior  Tiew  of  the  dorsal  surface  of  a  crushed-down  specimen :  a  «*, 

the  plate  or  plates  similar  to  b  b'  in  fig.  15,  crushed  inwards ;  b,  b,  b, 
the  three  symmetrical  slobes;  c,  c,  hollows  of  the  interlobular  plates 
into  which  the  apices  of  two  of  the  pseudambulacra  fit,  similar  to  a, 
figs.  7  A  7* ;  dyd,  position  of  the  other  two  interlobular  spaces  in  the 
perfect  organism ;  e,  interior  of  the  dorsal  surface,  with  a  thin  cover- 
ing of  matrix. 

17.  Enlarged  Tiew  of  a  portion  of  one  of  the  pseudambulacra :  a,  ambu- 
lacra! groove ;  6,  alternate,  lateral  short  groove ;  c,  inner  depression  or 
socket  at  end  of  b ;  d,  outer  depression  or  socket  at  end  of  groove  / 
proceeding  inwards  from  the  slit  or  opening  e ;  g,  lateral  plate,  pro- 
bably equivalent  to  the  pore-plate  in  Pentrtmitet ;  A,  supplementary 
plate,  identical  with  the  supplementary  pore-plate  in  the  same  genus  r 

18.  Diagrammatic  Tiew  of  the  cross  section  of  a  peeudambulacrum :  a,  am- 

bulacral  groove ;  b%  more  or  less  horizontal  portion  of  the  peeudambula- 
crum ;  c,  ridge  forming  an  interspace  between  the  inner  pair  of  sockets ; 
dy  exposed  sides  of  the  peeudambulacrum  bent  down  at  a  considerable 
angle;  s,  concealed  portion  below  the  general  surface  of  the  organism. 

19.  Side  liew  of  a  pseudambulacrum :  a,  base ;  b,  apex ;  c,  exposed  lateral 

portion ;  d,  concealed  lateral  portion ;  e,  inward  process. 

20.  The  exoentrio  aperture  and  plates  surrounding  it :  a,  the  more  or  less 

pyriform  aperture ;  b  k  c,  the  side  plates  which  complete  the  aperture, 
and  which  probably  correspond  to  one  of  the  spearhead  plates  of  the 
other  lobes  (a,  fig.  3) ;  the  plate  c  is  absent  in  the  specimen,  and  its 
position  is  therefore  only  indicated ;  a\  the  exoentric-aperture  plate  ,* 
f,  its  lip ;  /,  pointed  extremity  of  the  plate  which  is  received  into  the  re- 
entering ancle  of  b  b\  fig.  15 ;  g,  lid  or  valve  filling-in  the  aperture. 
21  k  22.  Tubercles  of  the  arched  and  crested  plates  (6,  fig.  5,  and  figs  8  k  9) 

23.  Microscopic  spine  attached  by  matrix  to  one  of  the  specimens. 

24.  Small  body  (o)  adhering  to  dorsal  surface  of  fig.  3,  supposed  to  be  a 

Foraminirer  (  Valvulma,  sp.) ;  a,  tubercles  of  dorsal  surface. 

25.  Greatly  enlarged  view  of  a  specimen  of  Valvulina,  sp.,  for  comparison 
with  6,  fig.  24. 

26.  Dorsal  surface  of  A.  tetragon**,  Austin,  from  a  weathered  specimen 
kindly  presented  to  me  by  Major  Austin :  a,  cavity  left  by  the  dorso- 
central  plate,  which  has  been  accidentally  removed ;  b,  bt  the  two 
forked  plates ;  c,  the  unsymmetrioal  lobe. 

27.  PmtrtmUet  cervmus,  Hall  (Geol.  Rept.  State  Iowa,  1858,  i.  pt  2.  t.  25. 
f.  11  a):  a,a,  two  of  the  radial  plates;  b,  suture  between  them. 

N.B.  All  the  parts  figured  are  magnified,  their  true  size  varying  from  T\  inch 
to  £  inch.  Nos.  1  and  5,  which  are  entire  forms,  are  ±  inch  in  diameter.  The 
remainder  are  individual  parts  enlarged. 
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DttCUSSIO*. 

Prof.  Mojiris  complimented  the  author  upon  the  care  and  labour 
he  had  bestowed  in  working  out  this  genus  from  the  fragmentary 
and  minute  specimens  at  his  disposal.  In  the  genera  of  Blastoidea, 
to  which  this  form  belongs,  the  plates  of  the  calyx  vary  in  number 
and  form,  as  do  also  the  orifices  of  the  upper  surface,  in  addition  to 
which  the  normal  number  of  the  pseudambulacra  appears  to  be 
only  four,  whilst  in  the  other  Blastoidea  there  are  usually  ^vo.  Oc- 
casionally, however,  some  Echinodermata  present  the  abnormal  con- 
dition of  having  only  four  rays.  Besides  the  character  of  the  rays, 
the  genus  is  further  distinguished  by  being  stemless,  in  which  cha- 
racter AstrocriniUs,  if  rightly  interpreted,  bears  the  same  relation  to 
the  stalked  Blastoidea  that  Martupita  does  to  the  Crinoidea. 
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14.  How  Anglesey  became  an  Island.    By  Professor  A.  C.  Ramsay, 
LL J).,  F.R.8.,  V.P.G.8.    (Bead  January  19,  1876.) 

[Plat*  XIV.] 

The  structure  of  the  low  ground  of  Caernarvonshire  within  three  or 
four  miles  of  the  Menai  Straits  in  almost  all  respects  resembles  that 
of  Anglesey,  both  in  its  geology  and  physical  geography.  The 
Menai  Straits  divide  the  two  regions ;  but  carboniferous  rocks  form 
the  larger  part  of  either  shore,  and  the  Straits  may  be  considered 
simply  as  a  long  shallow  valley,  the  bottom  of  which  happens  to  lie 
beneath  the  level  of  the  sea.  The  question  thus  arises,  At  what 
epoch  and  by  what  means  was  Anglesey  separated  from  the  main- 
land? 

The  whole  of  Anglesey  is  low  ;  and  only  one  steep  escarpment,  a 
minor  one,  occurs  in  the  island — that  of  the  Old  Bed  Sandstone 
overlooking  Traeth  Dulas,  which  rises  abruptly  above  the  tidal  flat 
of  the  Traeth  to  the  height  of  about  250  feet.  (See  Map  and 
Section  PL  XIV.). 

The  entire  island  may,  indeed,  be  looked  on  as  a  gently  undulating 
plain,  the  higher  parts  of  which  attain  an  average  elevation  of  from 
200  to  300  feet  above  the  level  of  the  sea ;  while  most  of  its  principal 
brooks  and  small  rivers  run  north-east  and  south-west,  in  depres- 
sions with  gently  sloping  sides ;  and  only  one  inland  valley,  with  the 
same  trend,  is  of  any  marked  importance,  namely  that  of  Malldraeth 
Marsh,  in  which  the  small  coalfield  lies.  There  are,  however,  a  few 
exceptions  to  the  average  levels  mentioned  above — the  summitof  Holy- 
head mountain  being  709  feet,  and  Gain,  near  Iianfairynghornwy, 
558  feet  above  the  sea,  while  the  greatest  elevation  crossed  by  the 
sections  of  the  Geological  Survey  (sheet  No.  40)  is  only  about 
400  feet  high. 

On  the  opposite  side  of  the  Straits  the  same  kind  of  low  undu- 
lating scenery  prevails  for  several  miles  inland,  with  the  same  kind 
of  minor  north-east  valleys,  one  marked  instance  of  which  occurs  in 
a  long  shallow  and  narrow  valley  in  or  alongside  of  which  the  Caer- 
narvon and  Bangor  road  runs  for  several  miles. 

The  surface  of  the  ground  on  both  sides  of  the  Straits  is  to  a  con- 
siderable extent  composed  of  glacial  detritus,  with  erratic  boulders, 
large  and  small  (from  the  north),  gravel,  sometimes  sand,  and  clay 
from  which  any  number  of  ice-scratched  stones  may  be  gathered 
from  well-exposed  sections,  as,  for  example,  in  the  boulder-clay  coast 
cliff  of  the  Mount  at  Beaumaris  (which  contains  minute  fragments 
of  sea-shells),  or  anywhere  else  in  similar  cliffs  round  the  shores  of 
Anglesey,  or  inland  in  occasional  pits  and  fresh  cuttings  on  both 
aides  of  the  Straits.  Through  these  glacial  accumulations  the  rocks 
of  the  country  frequently  appear,  sometimes  in  barren  tracts  of 
considerable  extent,  sometimes  in  small  isolated  bosses  of  gneiss  or 
grit,  often  covered  with  heath  or  furze,  while  the  more  fertile  grounds 
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of  the  whole  of  Anglesey  consist  chiefly  of  glacial  detritus,  with  here 
and  there  small  alluvial  meadows  by  the  sides  of  the  streams. 

When  freshly  stripped  of  glacial  dibris,  or  even  of  a  mere  thin 
turfy  soil,  the  underlying  rocks  are  often  found  to  be  ice-smoothed 
and  marked  with  glacial  striae,  running  generally  from  about  30°  to 
40°  west  of  south.  The  larger  valleys  of  MaUdraeth  Marsh  and 
the  Menai  Straits  (with  others  of  minor  note)  run  in  hollows  in 
the  same  general  direction. 

This  memoir  is  not  the  place  in  which  to  discuss  the  theory  of 
the  Glacial  epoch  ;  but  for  my  general  argument  it  is  necessary  to 
touch  on  one  or  two  points  connected  therewith. 

It  is  well  known  that  in  all  mountain  regions  where  glaciers 
exist,  or  have  in  past  times  existed,  the  disturbances  of  the  earth's 
crust  that  produced  the  elevation  of  the  mountains  go  back  to 
periods  long  antecedent  to  the  last  great  Glacial  epoch.  Thus  the 
first  great  upheaval  of  the  Alps  is  of  prae-Miocene  age,  and  the 
mountains  of  Scotland  and  Cumberland  were  mountains  before  Old- 
Red-Sandstone  times,  while  the  last  great  movement  of  the  rocks  of 
Wales  is  certainly  older  than  the  Permian  epoch,  and,  probably,  like 
the  mountains  of  Cumberland,  very  much  older, 

There  was  therefore  plenty  of  time,  in  what  is  now  Wales,  long 
before  the  beginning  of  the  great  Glacial  episode,  for  the  more  ordi- 
nary agents  of  denudation  to  have  formed  deep  valleys,  down  which, 
when  that  episode  began,  the  growing  glaciers  might  gravitate, 
deepening  their  channels  as  they  pressed  forward,  and  mamillating 
and  striating  the  rocks  over  which  they  slid ;  for  the  great  original 
valleys  of  the  mountains  were  by  no  means  entirely  scooped  out,  but 
merely  modified  by  the  glaciers. 

Thus,  for  example,  it  happens  in  Wales  that  all  the  striations  in 
the  valley  of  Dolgelly  and  the  estuary  of  the  Mawddach,  in  Merio- 
nethshire, follow  the  south-westerly  trend  of  the  valley,  the  glacier 
that  filled  it  when  at  its  greatest  being  fed  by  the  snows  of  the 
slopes  of  Cader  Idris  and  Aran  Mowddwy  and  those  of  the  tributary 
valleys  of  Afon  Eden,  and  the  Mawddach,  that  joined  it  from  the 
north,  while  from  a  central  low  watershed  near  the  sources  of  the 
Wnion,  another  branch  pressed  north-easterly  into  and  beyond  the 
region  now  occupied  by  Bala  lake. 

The  striated  rocks  exposed  at  low  tide  in  the  estuary  of  the 
Mawddach,  and  the  islet-like  heathy  bosses  of  rock  that  stand  out 
amid  the  marshy  moss  opposite  Barmouth,  are  merely  roches  mou- 
tonntes,  once  buried  deep  beneath  the  glacier  that  pressed  forward 
into  Cardigan  Bay. 

In  like  manner  all  the  western  valleys  of  the  Cambrian  mountains 
of  Merionethshire,  from  Barmouth  to  Diphwys  west  of  Trawsfynydd, 
such  as  those  of  Afon  Atro  and  Ardudwy,  are  marked  by  deep 
grooves  and  striations  pointing  more  or  less  westward,  according  to 
the  trend  of  the  valleys.  The  broad  flats  and  roughly  hilly,  but  not 
mountainous,  country  of  Cors-goch,  Afon  Eden,  Trawsfynydd,  and  the 
ground  bounded  by  the  amphitheatre  of  scarped  mountains  formed 
by  the  Arenigs,  the  Manods,  the  Moelwyns,  and  the  Cambrian  steeps 
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of  Uraig-ddrwg  were  at  the  same  time  filled  with  deep  accumulations 
of  snow  and  ice,  from  which  were  discharged  a  radiating  series  of 
glaciers,  one  pressing  southward  to  swell  the  ice-stream  that  filled  the 
valley  of  what  is  now  the  estuary  of  the  Mawddach,  another  through 
the  Pass  of  Afon  Treweryn  between  Arenig  Mawr  and  Arenig  Bach 
eastward  towards  Bala  and  the  valley  of  the  Dee,  whilst  a  third,  swelled 
by  all  the  snows  of  the  Manods  and  the  Moelwyns,  flowed  south-west, 
into  what  is  now  the  broad  flat  of  Traeth  Bach,  there  to  be  joined 
by  another  great  ice-stream  which,  partly  descending  from  the  high 
eastern  slopes  of  Snowdon,  filled  Nant  Gwynant,  and  debouched  into 
the  area  now  occupied  by  the  marshy  flat  of  Traeth  Mawr.  In  all 
of  these  the  directions  of  the  striatums  necessarily  conform  to  the 
trend  of  the  valleys— easterly,  southerly,  or  south-west,  as  the  case 
may  be. 

I  mention  these  specialities  of  striatum  partly  to  show  that  the 
Welsh  group  of  mountains,  as  a  whole,  was  not  overridden  by  a  great 
universal  ice-sheet  proceeding  from  the  far  north,  as  some  have 
ventured  to  suppose.  In  the  main,  every  large  valley  was  filled  by  it* 
own  special  glacier — a  circumstance  long  ago  stated  in  a  broad  way 
by  Buckland,  and  definitely  worked  out  by  me  for  Caernarvonshire 
in  my  essay  in  the  first  volume  of  *  Peaks,  Passes,  and  Glaciers,'  after- 
wards republished  in  a  little  book.  In  North  Wales,  when  the 
country  was  absolutely  full  of  snow  and  ice,  each  great  valley  yet 
maintained  its  separate  ice-flow.  In  such  a  case,  however,  there 
were  many  deviations  consequent  on  under  and  upper  ice-currents, 
the  upper  parts  of  glaciers  diverging  from  the  direction  of  the  under- 
flow, and  passing  across  what  are  now  low  watersheds,  like  that 
of  Uyn  Cawlyd,  into  neighbouring  vales,  such  as  that  of  the  Conwy — 
a  circumstance  to  which  special  attention  has  been  called  by  the 
Reverend  W.  T.  Kingsley,  while  engaged  within  the  last  few  years 
in  sounding  the  lakes  of  North  Wales,  with  the  view  of  proving 
them  to  be  true  rock-bound  basins,  in  which  he  succeeded. 

Such  statements  as  these  are  preliminary  to,  and  necessary  for 
the  understanding  of,  the  main  point  of  this  paper,  which  I  will  now 
discuss. 

On  the  north-west  slopes  of  the  Snowdonian  range*  (see  Map,  PI. 
XIV.),  great  glaciers  poured  their  ice-streams  down  the  valleys  of 
Iiyniau  Nant-y-Uef  to  the  west,  and  of  Iianberis  and  Nant-ffrancon 
to  the  north-west  and  north ;  and  these  never  quite  reached  the  region 
now  occupied  by  the  Menai  Straits,*  but,  escaping  from  the  higher 
bounding-w  alls  of  their  valleys,  spread  out  in  the  shape  of  broad  fans 
on  the  north-western  slopes  of  the  minor  hills  that  now  overlook  the 
Straits.  This  is  proved  by  the  northerly  curve  of  the  glacial  striations 
at  the  mouth  of  the  Pass  of  Llanberis,  on  the  flatter  area  above  the 
steep  slopes  of  the  slate-quarries  by  Llyn  Peris  and  Uyn  Padam,  and 
strongly  hinted  at  by  the  long,  smooth,  grass-covered  terraces  of  rock 
that  pass  from  the  opening  of  the  valley  of  the  Ogwen  north-eastward 
along  the  seaward  slope  of  Moel  Wnion,  and  are  still  further  continued 

*  I  use  the  word  range  as  a  convenient  term.  There  it  no  range  of  moim- 
taius  in  North  Wales.    Taken  collectively  ther  form  a  great  group. 
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across  the  Aber  valley  towards  Penmaen-mawr.  These,  when  stand- 
ing on  or  near  them,  are  barely  appreciable — but  seen  from  Beau- 
maris across  the  Lavan  sands,  form  unmistakable  features  in  the 
landscape.  1  have  often  thought  (though  this  is  yet  unproved)  that 
the  broad  mound  of  glacial  cUbris  on  which  Penrhyn  Castle  stands 
may  only  be  the  relics  of  the  terminal  moraine,  at  a  comparatively  late 
period  of  the  history  of  the  large  glacier  that  flowed  down  the  valley 
of  Nant-ffrancon  and  the  Ogwen,  fed  by  the  snows  of  the  Girders, 
Foel-goch,  Mynydd  Perfedd,  and  Elidyr-fawr  on  one  side,  and  by 
those  of  Carnedd  Dafydd,  Carnedd  Llewelyn,  and  Foel-fras  on  the 
other. 

It  thus  appears  that  at  this  period  the  glaciers  of  Snowdonia  did 
not  cross  the  Menai  Straits  into  what  is  now  the  island  of  Anglesey ; 
and  it  is  therefore  clear  that  the  north-east  and  south-west  striatums 
which  mark  the  whole  of  that  broad  region  must  have  been  pro- 
duced by  some  other  power. 

These  striatums  point  directly  to  the  mountains  of  Cumberland,  a 
country  which,  lying  further  north,  was  at  one  time  buried  so  deeply 
under  snow  and  ice,  that  almost  all  its  mountains  look  simply  like 
gigantic  roches  moutonnees ;  for  Cumberland  was  far  more  intensely 
glaciated  than  the  more  southern  region  of  Wales.  From  Cum- 
berland a  vast  mass  of  ice  flowed  southward ;  and,  reinforced  by 
the  ice-streams  that  came  from  the  mountains  of  Carrick,  in  the 
south  of  Scotland,  and  perhaps  even  from  the  basin  of  the  Clyde, 
it  overspread  the  region  now  occupied  by  the  shallow  sea  of 
Morecambe,  Lancaster,  and  Liverpool  bays,  that  lie  between  Cum- 
berland and  Anglesey  (nowhere  more  than  30  fathoms  deep),  and 
pressing  still  further  to  the  south-west,  covered  the  whole  of  the 
low  ground  of  Anglesey,  and  went  to  some  unknown  distance  beyond. 
Furthermore,  in  my  opinion,  so  great  was  the  size  and  power  of  this 
ice-flow,  that  it  hindered  the  glaciers  of  Llanberis  and  Nant-ffrancon 
from  encroaching  on  the  territory  of  Anglesey,  and  these  simply 
joined  the  larger  on-flowing  glacier  as  minor  tributary  ice-streams. 
For  this  reason  it  happens  that  the  glacial  striatums  of  Anglesey,  as 
we  might  at  first  expect,  do  not  point  towards  the  old  glacier-valleys 
of  Snowdonia  that  open  on  the  Straits9  but  run  at  right  angles  to  the 
courses  of  these  comparatively  minor  glaciers. 

If  we  now  turn  to  the  rocks  that  form  the  banks  of  the  Menai 
Straits,  we  find  that  they  chiefly  consist  of  nearly  flat-lying  Carbo- 
niferous strata  (see  Map  and  Section,  PL  XIV) ;  and  looking  at  the 
disposition  of  these  strata  from  Traeth  Melyn,  opposite  Caernarvon, 
to  Iianfair-pwll-gwyngyll,  in  Anglesey,  and  on  the  opposite  shore 
from  Caernarvon  to  Bangor,  there  is  reason  to  believe  that  from  end 
to  end  they  once  filled  the  whole  of  the  region  now  occupied  by  the 
Straits.  The  larger  part  of  this  region,  as  it  now  exists,  is  of  Carbo- 
niferous Limestone  age;  but  it  by  no  means  consists  entirely  of  solid 
limestone.  On  the  contrary,  numerous  bands  of  shale  and  friable 
sandstones  and  conglomerates  are  intermingled  with  the  limestones, 
together  with  beds  of  soft  red  marl.  On  the  coast  opposite  Caer- 
narvon, the  low  clifls  are  entirely  formed  of  red  marl  overlying  the 
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ferous  strata  of  that  region  had  been  pounded  and  crushed,  so  as 
greatly  to  facilitate  their  removal  by  denuding  agencies.  He  in- 
quired whether  Prof  Ramsay  could  define  more  closely  the  period 
of  the  upheaval  near  the  Menai  Straits. 

Mr.  Henry  Woodward  remarked  that  since  the  Glacial  period  a 
considerable  subsidence  of  Anglesey  had  taken  place,  and  instanced, 
in  support  of  this  view,  the  finding  of  a  jaw  of  EUphas  primtgenius 
associated  with  old  forests  at  a  great  depth  during  the  excavations 
for  the  enlargement  of  Holyhead  Harbour.  He  thought  that  ice 
from  Cumberland  would  suffice  for  the  glaciation  of  the  surface  of 
Anglesey  without  going  so  far  as  the  North  Pole. 

Mr.  Fohdham  inquired  why  we  should  go  to  Cumberland  for  ice 
when  Snowdon  was  so  near.  If  there  were  ever  a  polar  ice-sheet, 
the  mountains  of  Cumberland  and  Wales,  he  thought,  were  not 
worth  mentioning.  He  inquired  whether  there  were  any  erratic 
blocks  in  Anglesey  which  might  indicate  the  source  of  the  ice  by 
which  it  was  glaciated,  and  also  whether  the  Great  Orme's  Head 
was  striated.  He  thought  there  was  some  reference  to  the  Straits 
having  been  much  shallower  than  at  present  within  historic  times. 

Mr.  Drew  confirmed  Prof  Ramsay's  views.  The  Straits  are  now 
margined  by  cliffs,  owing  probably  to  erosion  subsequent  to  their 
formation. 

Mr.  Jordan  remarked  that  faults,  as  a  rule,  do  not  affect  the 
surface. 

The  President  (Mr.  Evans)  remarked  that  he  understood  Prof. 
Ramsay  to  maintain  that  the  general  features  of  the  country  were 
preexistent  to  the  Glacial  period,  but  that  where  there  were  softer 
rocks  the  ice  cut  through  them,  the  hollows  thus  formed  being  after- 
wards often  filled  up  and  reexcavated  by  subacrial  denudation. 

The  Author,  in  reply,  stated  that  at  the  close  of  the  Carboniferous 
period  Anglesey  was  covered  with  Carboniferous  strata,  and  that, 
although  faults  did  occur  in  places,  letting  down  portions  of  these 
rocks,  these  had  nothing  to  do  with  the  production  of  the  Menai 
valley.  The  Millstone  Grit  and  Coal-measures,  not  less  than  1500  feet 
thick,  originally  lay  over  the  Carboniferous  Limestone  of  Menai  Straits 
when  the  faults  were  produced.  The  ice  came  from  the  north-east 
and  not  from  Wales ;  and  the  striations  pointed  directly  towards 
Cumberland.  The  Great  Orme's  Head  could  hardly  show  any  strisc, 
as  its  surface  had  been  greatly  affected  by  weathering.  Many  erratics 
occur  near  Beaumaris  which  are  similar  to  the  rocks  of  Cumberland  or 
Galloway,  and  which  may  perhaps  be  identified  with  them. 
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15.  On  (lie  presence  of  the  Forest-red  Series  at  Kessingland  and 
Pakefield,  in  Suffolk,  and  its  position  beneath  the  Chillesford 
Clat.  By  Jomr  Guot,  Esq.,  M.A.,  F.G.8.  (Read  November 
17,  1876.) 

The  following  remarks,  together  with  the  accompanying  section  and 
the  Elephantine  and  Cervine  remains  exhibited  from  the  soil  of  the 
forest-bed  at  Keesin gland  and  Pakefield,  are  intended  to  be  supplemen- 
tary to  a  paper  "  On  the  Relative  Position  of  the  Forest-bed  and  the 
Chillesford  Clay  in  Norfolk  and  Suffolk,  and  on  the  Real  Position  of  the 
Forest-bed"*.  I  have  but  little  to  add  to  that  paper  and  nothing 
in  it  to  withdraw  or  alter.  My  object  is  to  describe  the  rootlet-bed, 
part  of  the  freshwater  formation,  which  succeeded  the  Forest-bed, 
and  to  exhibit  the  Elephantine  and  Cervine  remains  as  proofs  that 
the  soil  of  the  Forest-bed  lies  beneath  the  Chillesford  Clay. 

As  far  back  as  1868  Professor  Huxley,  then  President,  in  dis- 
cussing a  paper  by  Mr.  Prestwich  on  the  Red  Crag  of  Suffolk,  ob- 
served that  Mr.  Gunn  had  stated  as  "  a  fact,  and  a  very  important 
fact,"  that  he  had  seen  the  Forest-bed  exposed  on  the  beach  at 
Easton  Bavent,  Eessingland,  and  Pakefield  underlying  the  Chilles- 
ford Clays  and  Sands.  This  was  opposed  by  Mr.  Prestwich,  who 
said  he  had  seen  the  roots  of  trees  in  the  Chillesford  Clay,  which  he 
considered  to  be  a  proof  that  the  Forest  grew  above  it  and  upon  it. 
It  has  also  since  been  stated  by  others  who  have  visited  the  spot, 
and  have  not  been  able  to  see  the  Forest-bed  in  consequence  of  its 
being  covered  with  beach-sand  and  shingle,  that  Mr.  Gunn's  ipse 
dixit  could  not  be  accepted.  I  determined  therefore  to  collect  all 
the  specimens  I  could,  and  carefully  to  note  the  beds  from  which 
they  were  derived.  It  would  be  foreign  to  my  purpose  to  describe 
and  particularize  the  specimens,  which  would  fill  a  long  paper ;  but 
it  will  suffice  to  say  that  they  correspond  with  those  from  similar 
beds  at  Bacton  and  Cromer.  Tf  the  reader  will  turn  to  the  section 
(fig.  1),  which  is  a  general  one  of  the  cliffs,  about  three  fourths  of 
a  mile  in  extent,  I  will  indicate  the  beds  from  which  they  have 
been  obtained. 

No.  7,  at  the  foot  of  the  cliff,  represents  the  estuarine  soil  of  the 
Forest-bed,  on  which  the  forest  grew  after  this  bed  was  raised  above 
the  level  of  the  water.  It  consists  of  two  parts,  blue  clay  and  gravel, 
the  latter  called  the  "  elephant-bed,"  as  described  in  my  former  paper; 
and  from  these  two  deposits  every  specimen  exhibited  has  been  ob- 
tained ;  the  colours  of  the  specimens  mark  their  respective  beds ;  or, 
if  any  be  beach  specimens,  the  matrix  will  do  so  equally.  This  bed 
ranges  to  the  full  extent  of  the  Forest-bed ;  and  its  thickness  has  not 
been  ascertained.  It  lies  between  high-  and  low- water  mark  ;  and 
the  water  rises  so  as  to  prevent  one's  searching  with  the  spade. 

No.  6  represents  the  Forest-bed,  upon  the  soil  last  mentioned. 

*  Quart.  Journ.  Geol.  Soc.  yoI.  xxvi.  p.  531  et  seqq. 
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This  I  hare  seen  here  on  one  spot  (a  mere  patch  of  a  few  yards 
length)  which  has  escaped  denudation.  It  is  well  developed,  with 
blackened  earth  and  large  stools  and  stems  of  trees;  bat  I  did 
not  find  any  mammalian  remains  in  it ;  and  Mr.  Thomson,  of  Pake- 
Fig.  1. — Section  of  Cliff  at  Kessingland  and  Fakefield. 
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field,  whom  I  employed  to  collect  specimens,  says  that  he  never 
found  any  except  in  No.  7,  in  which  they  abound  for  about  three 
quarters  of  a  mile.  1  mention  this  to  show  from  what  bed  the  spe- 
cimens exhibited  are  taken,  and  not  to  affirm  that  they  are  confined 
to  No.  7,  because  a  fine  molar  of  Elephas  antiqitus  has  been  ob- 
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tained  from  the  Forest-bed  here ;  and  the  researches  of  Mr.  Blake, 
F.G.S.,  of  the  Geological  Survey,  have  proved  that  mammalian  re- 
mains are  to  be  found  in  No.  5. 

No.  5  represents  the  freshwater  beds,  about  6  feet  in  thickness, 
formed  on  the  subsidence  of  the  Forest-bed.  They  consist  in  part 
of  a  black  soil,  only  a  few  yards  long,  with  freshwater  shells,  cor- 
responding with  those  at  Mundesley  and  Runton,  commonly  called 
Unio-beda.  They  consist  in  part  also  of  the  rootlet-bed,  about  500 
yards  long,  of  green  oozy  clay,  similar  to  that  at  Runton,  pierced 
vertically  with  small  roots,  about  the  size  of  the  little  finger.  This, 
Mr.  Prestwich  has  pointed  out  as  an  indication  of  the  presence  of  the 
Forest-bed  (Quart.  Journ.  Geol.  Soc.  vol.  xxvii.  pp.  463, 464).  With 
all  submission  to  so  high  an  authority,  it  appears  to  me  to  represent 
brushwood,  which  succeeded  the  true  forest  very  extensively.  The 
rootlets  are  very  different  from  the  grand  roots  which  extend  laterally 
from  the  stools  of  the  forest-trees ;  and,  besides,  even  these  could  not 
be  expected  to  grow  from  such  decidedly  marine  formations  as 
the  Chillesford  Clays  or  Sands,  which  were  continuously  being  sub- 
merged in  deeper  and  deeper  water,  till  the  Westleton  (or  pebbly)  beds 
and  the  Lower  Boulder-clay  were  deposited  without  any  break. 

On  the  forest  going  down,  this  freshwater  bed  seems  to  have  been 
formed ;  and  the  rootlets  remain  in  it.  AtHappisburgh  there  appears 
to  have  been  a  hill,  like  that  at  Kessingland,  which  continued  above 
water  after  the  submersion  of  the  lower  land.  On  this  hill  hazel- 
nuts and  the  bones  of  sheep  or  goats,  now  in  the  Norwich  Museum, 
have  been  found ;  and  a  part  of  the  sludge,  as  Dr.  Falconer  called  it, 
was  carted  away  at  his  suggestion ;  and  a  portion  of  it,  full  of  the 
leaves  of  the  willow,  is  now  exhibited.  This  is  evidently  more  recent 
than  the  Forest-bed,  and  probably  of  the  same  age  as  the  rootlet- 
bed  at  Pakefield,  Kessingland,  and  Runton. 

No.  4  represents  the  Fluvio-marine  deposits,  about  2  feet  thick, 
which  succeeded  the  fresh  water  on  the  influx  of  the  sea.  Crag- 
shells  have  been  seen  here,  but  rarely.  The  Norwich  fluvio-marine 
Crag  most  probably  belongs  to  this  division,  which,  at  Bramerton, 
underlies  the  next-mentioned  deposit.  Here,  as  at  other  places,  an 
interval  of  several  miles  may  be  interposed  between  beds  of  crag- 
shells,  and  yet  the  deposits  are  continuous  and  are  stratigraphically 
the  same.  This  remark  applies  equally  to  No.  3,  next  mentioned. 
The  Chillesford  Clay  sometimes  yields  shells,  as  at  Easton  Bavent, 
and,  slightly,  at  Aldeby ;  but  at  Bramerton,  Brundall,  Wroxham, 
Horstead,  Coltishall,  Hoveton,  Barton  Turf,  Ludham,  Burgh,  near 
Aylsham,  and  other  places  it  is  destitute  of  them ;  and  yet,  from  its 
mineral  character,  it  can  scarcely  be  mistaken.  The  fluvio-marine 
beds,  both  here  and  at  Happisburgh,  are  cut  short  by  the  rise  of 
the  freshwater  deposits,  and  are  but  partially  and  faintly  represented. 
Owing  to  this  cause,  at  Happisburgh  the  Lower  Boulder-clay  rests 
immediately  upon  the  Forest-bed,  without  the  intervention  of  any 
of  the  intermediate  beds. 

No.  3  represents  the  marine  formations,  and  contains  the  Chilles- 
ford Sands  and  Clays,  which  are  finely  developed  here,  notwithstand- 
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ing  that  Messrs.  Wood  and  Harmer,  in  their  Palaeontographical 
Monograph  almost  ignore  them,  except  at  the  Pakefield-Lighthouse 
Gorge,  near  whioh  they  represent  them  as  dipping  down  or  trun- 
cated and  not  reappearing  throughout  the  entire  length  of  the  coast. 
They  average  about  12  feet  in  thickness. 

No.  2  has  generally  been  regarded  as  the  Middle  Drift ;  but,  from 
the  admixture  of  occasional  plots  of  pebbles,  I  am  inclined  to  call  it 
the  Pebbly  Bed,  or  Westleton  Sands.  The  upper  part  is,  perhaps, 
Middle  Drift.     It  is  about  15  feet  thick. 

No.  1  represents  a  grand  display  of  the  Upper  Boulder-clay,  ave- 
raging 15  feet ;  above  is  the  warp  and  humus,  4  feet. 

If  I  have  erred  in  any  respect,  I  trust  I  shall  be  corrected  by  the 
geological  surveyors  now  at  work  in  the  neighbourhood. 

Discussion. 

Mr.  A.  Ttlor  inquired  whether  the  lowest  beds  in  Mr.  Gunn's 
section  represent  the  Antwerp  Crag,  as  in  this  case  the  succeeding 
deposits  would  represent  the  other  three  Crags.  Great  quantities  of 
fossil  bones  and  teeth  had  been  collected  at  Antwerp  during  the  con- 
struction of  the  fortifications  of  that  city. 

M.  Cuakleswoth  could  not  understand  how  the  Norwich  Crag 
can  be  above  the  Forest-bed.  Remains  of  Mastodon  have  not  been 
found  in  the  Forest-bed  ;  but  they  occur  in  the  Norwich  Crag. 

Mr.  Qxrsv  said  that  it  was  now  agreed  at  Norwich  that  the  so- 
called  Mammaliferous  Crag  is  not  really  Mammaliferous,  but  that 
the  mammalian  remains  found  in  it  are  derived  from  the  Stony  Bed 
resting  immediately  upon  the  Chalk.  Dr.  Falconer  entertained  the 
same  opinion. 

Mr.  Chabu»wobth  stated  that  what  he  wanted  was  the  evidence 
upon  which  the  bed  indicated  in  the  section  brought  before  the 
Society  by  Mr.  Gunn  was  identified  with  the  Norwioh  Crag. 

Mr.  Gwtn  Jeffrbvs  remarked  that  certain  Arctic  shells  occur 
in  the  Chillesford  Clay,  and  instanced  particularly  Leda  hyperborean 
a  species  which  was  obtained  from  a  depth  of  450  fathoms  in  the 
Norwegian  Sea,  and  which  he  had  found  in  175  fathoms  at  the 
entrance  to  Baffin's  Bay.  The  Ledce  are  deep-water  species ;  and 
the  occurrence  of  L.  hyperborea  in  the  Chillesford  Clay  would  seem  to 
indicate  that  that  deposit  had  been  formed  at  a  considerable  depth, 
and  afterwards  upheaved. 

Mr.  Whttaxbr  stated  that  he  had  been  with  Mr.  Blake  along  the 
coast  to  examine  the  lower  beds  referred  to  by  Mr.  Gunn.  Mr. 
Blake  had  clearly  established  that  in  the  case  of  these  beds,  which 
were  only  about  20  feet  thick,  different  observers  had  given  different 
names  to  the  same  things,  and  in  fact  had  given  names  to  con- 
ditions and  not  to  beds.  He  was  glad  that  Mr.  Gunn  had  called 
the  "  Rootlet-bed  "  by  that  name,  as  it  was  certainly  not  a  "  Forest 
bed  "  though  it  had  been  so  called.  From  the  varying  nature  of  the 
coast,  and  the  fact  that  the  sections  were  interrupted,  he  could  easily 
understand  the  difficulty  that  had  been  experienced  in  establishing 
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the  sequence  of  the  deposits  and  their  identity  in  different  sections. 
He  thought  that  the  Foreet-bed,  the  Chillesford  beds,  the  "  laminated 
beds"  and  the  gravelly  sands  belonged  to  the  same  series.  It  is  a 
question  whether  the  so-called  Norwich  Crag  of  the  coast  is  the  same 
as  that  inland ;  Messrs.  Wood  and  Harmer  think  that  it  is  not.  Ho 
would  caution  geologists  against  forming  subdivisions  among  these 
beds,  as  they  vary  constantly.  He  thought  it  probable  that  the 
Norwich  Crag  is  newer  than  the  Red  Crag,  and  that  there  is  no 
break  between  the  Crag  and  the  Drift. 

Prof.  Seeley  stated  that  in  1863  he  had  been  along  the  whole  of 
the  coast,  in  company  with  the  late  Prof.  Sedgwick.  The  coast  was 
then  quite  clear,  and  the  beds  could  be  traced  all  along.  The  Forest- 
bed  was  full  of  trees,  with  bones  <fec.  lying  about  among  their  roots. 
East  of  Cromer  a  series  of  beds  was  shown  different  from  those  to 
the  west.  To  the  west  of  Cromer  the  Norwich  Crag  changed  its 
character,  being  reduced  to  a  thin  calcareous  band  half  an  inch  thick, 
in  which  shells  such  as  usually  occur  in  the  Norwich  Crag  are  to  be 
met  with.  This  thin  bed  rested  immediately  upon  the  Forest-bed, 
which  was  therefore  below,  but  possibly  in  part  contemporaneous 
with  the  Norwich  Crag. 

Mr.  "Woodward  considered  that  Mr.  Gunn  had  done  great  service 
to  palaeontology  by  the  indefatigable  zeal  with  which  he  had  collected 
the  mammalian  remains  from  the  soil  of  the  Forest-bed.  He  con- 
sidered that  Mr.  Gunn  had  conclusively  proved  the  existence  of  tho 
Forest-bed  all  along  the  coast ;  but  in  former  times  it  must  have 
extended  far  out  into  the  German  Ocean,  as  specimens  of  Mammoths' 
teeth  and  tusks  have  been  dredged  up  in  abundance  by  the  trawlers 
off  the  Dogger  bank,  together  with  a  nearly  perfect  skull  of  Rhino- 
ceros leptorhinus.  The  Antwerp  collection  mentioned  by  Mr.  Tylor 
belonged  to  the  same  series  as  the  so-called  Coprolite  diggings; 
many  of  the  shells  were  distinct  from  those  of  any  of  the  Crags.  He 
quite  agreed  with  Mr.  Gunn  that  all  the  mammalian  remains  found 
in  the  Norwich  Crag  belonged  to  the  Stony  bed  at  the  base,  resting 
directly  on  the  denuded  surface  of  the  Chalk. 

Mr.  Charlbswobth  reiterated  his  question  as  to  the  evidence  by 
which  the  bed  marked  Norwich  Crag  in  the  section  exhibited  by 
Mr.  Gunn  had  been  identified.  He  maintained  that  the  newer  beds 
of  the  Norwich  Crag  could  only  be  identified  by  means  of  their  cha- 
racteristic shells ;  and  he  asked  Mr.  Gunn  what  evidence  of  this 
nature  he  had  to  adduce  in  support  of  his  opinion  that  the  deposit 
in  question  was  Norwich  Crag.  He  denied  positively  that  the  mam- 
malian remains  were  only  found  in  the  Stony  bed. 

Prof.  Ramsay  congratulated  the  author  on  having  proved  the 
existence  of  the  Forest-bed,  and  expressed  his  gratification  at  seeing 
such  local  points  of  great  geological  interest  so  carefully  worked  out 
by  observers  residing  on  the  spot. 

The  Author  thanked  Mr.  Charlesworth  and  the  President  for  dis- 
cussing the  question  as  to  the  identity  of  the  Norwich  Crag.  He 
maintained  that  there  had  been  a  regular  sequence  of  deepening 
conditions.    At  Easton  Bavent  tho  Chillesford  Clay  rested  on  Nor- 
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wich  Crag ;  but  bo  did  not  think  that  it  was  necessary  that  shells 
should  be  found  in  order  to  prove  the  nature  of  the  latter  bed :  in 
fact  he  considered  that  far  too  much  weight  was  laid  upon  concho- 
logical  evidence  in  such  matters,  and  far  too  little  upon  stratigraphi- 
cal  considerations.  He  differed  from  Mr.  Prestwich  with  regard  to 
the  position  of  the  Forest-bed,  which  no  doubt  extended  far  under 
the  North  Sea,  perhaps  even  as  far  as  Belgium,  the  beds  in  which 
country  probably  correspond  with  those  of  East  Anglia.  He  stated 
that  the  Stony  bed  is  not  to  be  seen  at  Pakefield,  because  the 
Chalk  upon  which  it  immediately  lies  dips  down  at  a  high  angle 
and  passes  at  some  depth  below  the  Forest-bed. 
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16.  On  the  Influence  of  various  Substances  in  Accelerating  the 
Prbcipttation  of  Clay  suspended  in  Water.  By  William 
Ramsay,  Esq.,  Tutorial  Assistant  in  Glasgow  University  Labo- 
ratory.   With  a  Note  by  Prop.  Ramsay.  (Bead  March  8, 1876.) 

(Communicated  by  Prof.  Bamsay,  F.R.8.,  V.P.G.S.) 

It  has  been  noticed  by  several  observers  that  day  suspended  in 
water  settles  more  quickly  if  the  water  is  salt  than  if  it  is  fresh. 
This  fact  is  contrary  to  what  would  naturally  be  supposed — namely, 
that  suspended  matter  should  settle  more  easily  in  a  liquid  of  low 
than  in  one  of  high  specific  gravity. 

The  earliest  notice  which  I  have  been  able  to  find  relating  to 
this  subject,  is  a  note  by  Skey  in  the  '  Chemical  News '  for  1868, 
p.  160,  in  which  he  advances  the  following  hypothesis  to  explain 
the  phenomenon. 

After  taking  notice  of  the  fact  that  those  salts  which  accelerate 
the  precipitation  of  clay  are  too  stable  to  be  decomposed  by  mere 
contact  with  it,  he  suggests  that  such  salts  have  a  strong  affinity 
for  water  compared  with  that  of  clay  for  water.  They  therefore 
tend  to  abstract  water  from  the  clay,  and  cause  it  to  coagulate  and 
settle.  In  corroboration  of  this  he  instances  the  fact  that  iron 
ferrocyanide  is  thrown  down  by  numerous  salts;  that  silica  is 
precipitated  from  its  solution  in  ammonia  by  chloride  of  ammonium; 
and  that  nitrate  of  baryta  is  precipitated  by  nitric  acid. 

In  the  '  Chemical  News f  for  August,  1874,  Durham  advances  an 
electric  hypothesis ;  he  supposes  that  clay,  in  falling  through  water, 
"  generates  electricity  by  friction,  and,  as  water  is  a  bad  conductor, 
the  difference  in  potential  between  the  clay  and  the  water  remains 
for  some  time,  hence  they  are  mutually  attracted ;  but  when  an 
acid  or  salt  are  added,  the  liquid  becomes  a  good  conductor,  the 
potentials  are  equalized,  and  the  day  falls." 

Durham  also  states  that  in  solutions  of  the  same  salt  of  different 
strengths,  the  rate  of  settling  is  in  the  order  of  the  specific  gravity 
of  the  solutions,  and  that  clay  remains  longest  suspended  in  the 
liquid  of  highest  specific  gravity. 

Before  reading  either  of  these  papers  my  attention  was  drawn  to 
this  subject  by  a  communication  from  Mr.  Peter  Robertson  to  the 
Geological  Society  of  Glasgow.  It  struck  me  that  a  probable  solu- 
tion of  the  question  was  to  be  found  in  the  relative  amounts  of  heat 
absorbed  by  various  salts  in  passing  into  solution. 

Does  the  rapidity  of  precipitation  of  clay  in  solutions  of  salts 
bear  any  relation  to  the  absorption  of  heat  by  the  salts  in  passing 
into  the  liquid  state?  In  order  to  answer  this  question,  some 
experiments  were  made  which  I  shall  now  proceed  to  describe. 

Somo  very  fine  clay  was  procured,  which  on  being  put  into  water 
broke  up  of  its  own  accord  into  very  minute  particles.  A  number 
of  solutions  of  different  salts  were  prepared,  and  the  specific  gravi- 
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ties  determined.  A  measured  quantity  of  the  muddy  water  was 
added  to  each  solution,  and  the  rates  of  settling  compared  with  one 
another.  It  was  found  impossible  to  obtain  any  definite  measure 
of  the  rates  of  settling ;  for  neither  by  weighing  die  clay  which  had 
settled  in  a  given  time*  nor  by  comparing  one  stratum  of  mud 
settling  in  one  solution  of  salt  with  another  stratum  in  another  salt 
solution,  could  a  reliable  measure  be  obtained.  It  was  always  easy, 
however,  to  pronounce  which  was  settling  most  quickly. 

The  results  will  be  seen  in  the  following  Table.  In  each  case 
one  part  of  salt  by  weight  was  dissolved  in  four  parts  of  water. 
The  salts  are  arranged  in  the  order  of  settling,  those  in  which  the 
clay  subsided  most  quickly  being  placed  first,  with  regular  progres- 
sion to  the  one  which  kept  the  mud  longest  in  suspension. 

Reduction  of  temper-    Specific  gravity  of 
Salt.  ature  on  dinolring.    solution  at  10°  C. 

o 

Ammonium  chloride 15-19  C.  1*0604 

Ammonium  nitrate    14-10  1-0863 

Potassium  chloride 11-81  1-1361 

Sodium  nitrate 9-46  1-1355 

Barium  chloride 4-50  1-1733 

Magnesium  sulphate 4-50  1*1035 

Zinc  sulphate 3-10  1-1258 

Sodium  chloride 2-10  1-1513 

Lead  nitrate  1-90  1-2099 

It  will  be  at  once  seen  that  those  salts  which  absorb  most  heat  on 
going  into  solution  allow  clay  to  deposit  most  easily. 

In  order  to  ascertain  if  the  fluidity  of  the  solution  had  any 
influence  on  the  rate  of  settling,  the  rate  of  flow  through  a  capil- 
lary tube,  of  the  following  six  salts,  was  determined.  The  numbers 
are  seconds,  and  are  simply  comparative.  The  temperature  for  all 
was  15°  C. ;  and  there  was  a  constant  pressure  of  one  metre  of 
water. 

Time  of  flow  through 
Salt.  a  capillary  tube. 

seconds. 

Ammonium  chloride ......  370-0 

Ammonium  nitrate    366-0 

Potassium  chloride    381-0 

Sodium  nitrate 456-0 

Barium  chloride    455-0 

Sodium  chloride    554-0 

Water    3800 

The  order  holds  good  for  several  of  the  salts,  but  it  is  not  constant 
enough  to  allow  of  the  deduction  of  a  general  rule.  A  connexion 
appears,  however,  to  subsist  between  the  fluidity  of  the  solutions 
and  their  absorption  of  heat  on  being  dissolved.  "Water  flows  more 
rapidly  through  a  capillary  tube  than  any  of  the  solutions,  except 
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those  of  ammonium  chloride  and  nitrate ;  and  yet  mud  settles  much 
more  slowly  in  water  than  in  any  of  the  solutions. 

Clay  does  not  deposit  so  quickly  in  acid  solutions  as  in  solutions 
of  salts*  The  order  of  settling  for  the  four  acids  hydrochloric, 
nitric,  sulphuric,  and  acetic  acids  of  16  per  cent,  was 

1.  Nitric  acid. 

2.  Hydrochloric  acid. 

3.  Acetic  acid. 

4.  Sulphuric  acid. 

The  difference  between  the  rates  in  hydrochloric  and  acetic  acids 
was  slight,  but  still  perceptible.  Hydrochloric  acid  has  a  solvent 
action  on  the  iron  contained  in  the  mud. 

Mud  deposits  more  rapidly  in  a  solution  of  caustic  soda  than  in  a 
solution  of  potash ;  and  as  potassium  hydrate  evolves  more  heat  on 
solution  than  sodium  hydrate,  the  rule  appears  to  hold  in  their 
case. 

It  appeared  desirable  to  ascertain  if  the  rate  of  deposition  varied 
with  the  density  of  the  solution.  For  this  purpose  four  solutions  of 
common  salt  were  prepared,  the  strongest  containing  100  grains 
dissolved  in  500  cub.  centims.  of  water;  the  second  was  half- 
strength,  the  third  one  quarter,  and  the  fourth  one  eighth. 

The  specific  gravities  of  the  solutions  were : — 

Common  salt.  sp.  gray. 

100  grams  dissolved  in  500  cub.  centims.  water. .  1*1222 

50  „  „  „  1-0631 

25  „  „  „  1-0220 

12-5  „  „  „  1-0122 

The  mud  deposited  in  the  order  of  their  specific  gravities; 
it  precipitated  most  quickly  from  the  strongest  solution.  It  thus 
appears,  that,  although  probably  the  specific  gravity  of  the  solution 
has  some  influence  on  the  rate  of  settling,  the  real  cause  is  most 
probably  the  absorption  of  heat ;  for  the  more  salt  passes  into  solu- 
tion, the  more  heat  is  absorbed.  This  explanation  is  confirmed  by 
the  deportment  of  fine  mud  in  water  of  different  temperatures.  It 
is  well  known  that  precipitates  will  settle  more  rapidly  if  the  liquid  in 
which  they  are  suspended  be  boiled.  This  phenomenon  is,  I  believe, 
usually  attributed  to  the  coagulation  of  the  precipitate;  and  in  some 
cases,  for  instance  gelatinous  precipitates,  this  undoubtedly  happens ; 
but  in  the  case  of  finely  divided  precipitates  I  am  disposed  to  attri- 
bute the  settling  to  the  absorption  of  heat  by  the  water. 

Experiments  were  made  with  a  view  to  decide  this  point.  The 
water,  however,  after  being  heated  up  to  the  required  temperature, 
must  be  kept  at  that  temperature  by  means  of  a  heat  equal  on  all 
sides,  while  the  mud  is  depositing.  This  was  done  by  means  of 
water-baths,  in  which  the  beakers  containing  the  water  and  mud 
were  placed.  In  every  case  it  was  observed  that  the  hotter  the 
water  the  more  rapidly  the  mud  settled. 

Perhaps  I  may  be  allowed  to  attempt  a  possible  explanation  of 
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these  phenomena.  It  is  generally  agreed  that  the  molecules  of  a 
fluid  acquire,  when  heat  is  applied,  a  greater  amplitude  of  vibra- 
tion, but  that  the  duration  of  each  vibration  remains  constant. 
To  take  the  simplest  case,  suppose  a  particle  a  vibrating  in 
a  horizontal  plane,  and  that  it  performs  each  vibration  in  equal 
times,  whether  the  amplitude  of  the  vibration  remain  constant  or 
not.  Another  particle  6  is  descending  at  right  angles  to  the  plane 
of  vibration  of  a.  If  the  amplitude  of  the  vibration  of  a  be  doubled, 
the  particle  6  will  have  twice  as  great  a  chance  of  avoiding  collision 
with  a  as  before ;  for  the  particle  a  will  traverse  a  given  space  in 
half  the  time  it  formerly  took,  leaving  it  vacant  the  other  half. 
The  particle  b  will  therefore  be  at  liberty  to  fall  through  this  space 
for  twice  as  long  a  time  as  was  at  its  disposal  before  the  amplitude 
of  vibration  was  doubled. 

Of  course  the  problem  is  infinitely  more  complicated  than  the 
very  rough  and  ready  instance  I  have  given;  but  I  think  it  ia 
simply  an  extension  of  the  phenomenon,  and  can  therefore  be  ac-> 
counted  for  on  the  same  principle. 

Note  by  Prof.  A.  C.  Kamsay,  F.R.S.,  F.G.S. 

Though  the  author  does  not  draw  any  geological  inferences  from 
the  foregoing  data,  it  is  yet  obvious  that  they  have  geological 
bearings.  Thus,  given  equal  amounts  of  mud  in  suspension  in  a 
salt  lake  or  in  the  sea,  and  in  a  freshwater  lake,  the  water  of  each 
being  still,  a  greater  quantity  of  sediment  in  a  given  time  will  be 
precipitated  to  the  bottom  in  the  salt  water  than  in  the  fresh  water, 
and  the  amount  of  salt  in  solution  will  relatively  retard  or  hasten 
precipitation.  But  supposing  mud  in  suspension  to  be  carried  into 
the  sea  by  a  river,  the  mixture  of  fresh  and  salt  water,  the  current 
at  its  mouth,  and  the  movements  of  the  sea  beyond  that  current, 
due  to  winds,  tides,  and  ocean  currents,  will  also  affect  the  question 
to  such  an  extent  that  under  these  circumstances  no  absolute  rate 
of  precipitation  can  be  estimated  in  a  given  time,  over  a  given  area, 
for  a  given  quantity  of  mud.  Still  salt  water,  as  compared  with 
fresh  water,  must  under  like  circumstances  have  an  effect — as,  for 
example,  in  the  case  of  the  mud  carried  by  rivers  into  the  great 
lakes  of  America  and  into  Hudson's  Bay,  or  the  mud  carried  into 
the  salt  lakes  of  Central  Asia,  and  that  carried  into  the  large  lakes 
of  Switzerland  and  the  north  of  Italy.  Examples  of  fresh  and  salt 
lakes  occurred  in  old  geological  times ;  take  the  case  of  the  Swiss 
Miocene  deposits  for  the  first,  and  of  the  British  Permian  and 
Triassic  (and  some  other  areas)  for  the  second ;  and  the  rates  of 
deposition  of  mud  in  such  instances  may  possibly  have  been  modi- 
fied by  the  freshness  or  saltness  of  the  water. 

Disctjssiok. 

Prof.  Hughes  inquired  whether  the  observations  had  been  suf- 
ficiently carefully  made  to  determine  the  amount  cf  precipitation  in 
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a  given  time.  If  particles  put  into  heated  water  were  not  of  the 
same  temperature  as  the  water,  the  gases  would  be  driven  off  from 
them,  and  their  place  would  be  taken,  on  cooling,  by  water,  which 
would  hasten  the  deposition.  He  asked  whether,  in  the  case  of  the 
solutions,  the  difference  of  the  specific  gravity  of  the  fluids  might  not 
somewhat  similarly  affect  the  air  entangled  in  the  particles. 

Prof.  Masxelyxe  said  that  he  thought  this  paper  was  hardly  suited 
to  the  Geological  Society,  the  question  discussed  in  it  being  a  purely 
physical  one.  Absolutely  pure  water  is  viscous ;  and  judging  by 
the  influence  of  salts  in  solution  in  aiding  precipitation  and  nitration 
in  the  laboratory,  it  would  seem  that  this  viscosity  is  impaired  by 
salts  dissolved  in  it.  The  results  obtained  might  therefore  be  due  to 
the  different  viscosities  of  the  solutions  employed. 

Prof  Ramsay  remarked  that  at  any  rate  the  fact  remained  that 
the  mud  went  down  faster  in  salt  water  than  in  fresh ;  and  that 
fact  seemed  to  him  to  have  important  geological  bearings. 

Mr.  Evaks  expressed  a  hope  that  these  experiments  might  be 
carried  still  further,  as,  although  they  were  undoubtedly  of  a  phy- 
sical nature,  their  results  appeared  to  be  of  considerable  importance 
from  a  geological  point  of  view.  He  suggested  that  experiments 
might  be  made  with  solutions  which,  having  been  already  saturated 
with  one  salt,  would  yet  dissolve  another  without  undergoing  any 
change  of  volume. 

Mr.  D.  Forbes  stated  that  the  author's  results  seemed  to  him  to 
be  deserving  of  great  confidence;  his  experiments  had  evidently 
been  conducted  with  all  due  care. 

Prof.  Mobris  remarked  that  the  subject  was  not  a  new  one. 
Mr.  B.  Eobertson  studied  it  in  1873,  and  found  that  mud  is  less 
rapidly  precipitated  in  weak  than  in  strong  saline  solutions.  The  spe- 
cific gravity  of  the  matter  in  suspension  must  also  be  taken  into 
consideration  in  such  experiments. 

The  Pbesident  (Prof.  Duncan)  did  not  feel  quite  sure  that  the  results 
embodied  in  this  paper  would  bo  found  to  have  much  practical  bearing 
on  geological  questions.  Very  fine  sediments  take  along  time  to  fall, 
and  would  probably  be  carried  far  out  to  sea.  From  his  own 
observations  he  did  not  think  that  the  greatest  quantity  of  mud  was 
precipitated  at  the  mouths  of  rivers. 
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17.  Fossiliferoue  Cambrian  Shales  near  Caernarvon.  By  J.  E.  Mabb, 
Esq.,  St.  John's  College,  Cambridge.    (Read  March  8,  1876.) 

(Communicated  by  Prof.  T.  Mc  K.  Hughes,  F.G.S.) 

The  shales  under  consideration  extend  from  about  three  miles  S.W. 
of  Caernarvon  to  Bangor,  being  roughly  parallel  to  the  Menai  Straits. 
They  are  faulted  against  Lower  Cambrian  to  the  east,  and  disappear 
against  a  dyke  on  the  west.  They  are,  as  a  rule,  greyish  black  to 
bluish  black  in  colour,  most  commonly  tolerably  sandy  and  mi- 
caceous ;  but  in  places,  as  where  the  fossils  are  found,  they  are  chiefly 
clayey  with  hardly  any  admixture  of  sand. 

The  fossils  were  obtained  from  three  places,  all  within  a  mile  of 
Caernarvon  and  on  the  banks  of  the  Seiont. 

The  first  place  is  close  to  Pont  Seiont,  on  the  E.  side  of  the  river, 
where  an  arrow  marks  the  dip  in  the  Ordnance  map.  The  shales 
here  are  bluish  black,  dipping  at  about  45°  S.E.,  containing  a  large 
amount  of  iron  oxide,  from  the  decomposition  of  iron  pyrites,  which 
is  itself  found  in  nests  and  veins  scattered  through  the  mass  of  shales, 
but  especially  towards  the  top  of  the  section ;  and  tho  outer  surfaces 
of  the  rock  weather  to  a  rusty  or  olive-brown  hue. 

The  rock  is  of  a  splintery  nature ;  and  it  is  rather  difficult  to  get 
large  piecos.  It  has  a  concretionary  structure  all  through,  breaking 
up  into  lenticular  pieces ;  and  it  is  in  the  interior  of  these  pieces  that 
most  of  the  fossils  occur. 

Most  of  the  fossils  came  from  the  bottom  of  the  section,  and  were 
scattered  somewhat  capriciously,  so  that  one  might  work  for  two  or 
three  hours  without  finding  a  single  specimen,  and  then  suddenly 
come  upon  two  or  three.  Graptolites  are  the  most  abundant  fossils 
in  this  place.  About  35  yards  S.W.  of  tho  place  from  which  tho 
fossils  were  obtained  runs  a  greenstone  dyke,  parallel  to  the  bedding 
of  the  rock,  and  altering  the  shales  to  tho  distance  of  about  four 
yards  from  the  edge  of  the  dyke.  The  shale,  where  altered,  has 
a  subconchoidal  fracture,  and  a  glazed  porcellaneous  appearance 
with  slickensided  and  iridescent  joint-surfaces.  One  Graptolite  oc- 
curred here  at  the  outer  edge  of  the  altered  rock ;  but- unfortunately 
it  fell  to  pieces.  On  the  other  side  of  the  dyke  no  rock  is  seen  ex- 
posed ;  but  about  50  yards  further  on  another  dyke  is  just  visible,  in 
weathered  bosses,  at  the  side  of  the  road. 

The  second  place  where  the  fossils  were  found  is  on  the  S.W.  side 
of  the  river,  and  a  few  hundred  yards  nearer  to  the  mouth  of  the 
river  than  the  preceding  place.  Here  a  series  of  sections  is  exhibited 
along  the  old  tramway  from  Caernarvon  to  Wantlle.  The  section 
where  the  fossils  were  found  is  the  third  from  the  tramway  bridge 
over  the  river,  and  about  opposite  the  letter  "  a  "  in  the  "  road  " 
of  "  Wantlle  railroad."  The  shale  at  this  place  is  very  similar  to 
that  just  described,  but  breaks  up  into  larger  masses.  As  the  con- 
cretionary structure  is  not  so  strongly  developed,  Graptolites  were 
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not  so  numerous  here  as  in  the  first  place ;  but  Phyllopod  crustaceans 
appeared  to  predominate. 

The  last  place  is  on  the  same  side  of  the  river  as  the  first,  but 
about  three  quarters  of  a  mile  higher  up,  close  to  the  mill  below 
Peblig  Bridge,  but  on  the  opposite  side  of  the  river  ;  and  the  only 
two  specimens  found  were  got  out  of  the  material  taken  from  a  pit 
which  was  said  to  be  sunk  for  the  purpose  of  getting  coal ! 

The  rock  here  has  quite  a  different  texture  from  that  of  tbe  formerly 
described  rocks,  being  finely  laminated  and  without  the  jointed  and 
concretionary  structure  of  the  other  rocks.  It  has  a  fine  texture 
and  greasy  feel.  In  it  occur  veins  of  quartz  &c,  which  show  most 
beautiful  instances  of  slickensides.  The  pieces  in  which  the  fossils 
occur  were  got  from  a  depth  of  about  60  feet  from  the  surface. 
Fossils  seem  to  be  scarcer  here  than  at  the  other  places.  I  only  found 
two  pieces,  one  having  on  it  a  tube,  and  tbe  other  a  tube  similar  to 
the  former  on  one  side,  and  a  Graptolite  on  the  other. 

On  the  whole  the  first  place  has  afforded  a  much  greater  variety 
than  the  other  two ;  but  as  it  was  worked  for  a  very  much  longer 
time,  it  is  doubtful  whether,  with  thorough  search,  the  second  would 
not  yield  a  much  more  abundant  fauna  than  it  has  hitherto  done. 
The  third  place  seems  to  be  much  less  fossiliferous  than  the  other 
two,  the  more  so  as,  although  I  tried  a  fourth  place  about  a  quarter 
of  a  mile  higher  up  the  river  than  the  third,  and  on  the  same  bank, 
and  although  the  shale  was  of  exactly  the  same  character  as  that  of 
the  third  place,  it  did  not  yield  a  sign  of  any  organism  whatever. 

The  whole  deposit  is  the  more  interesting  as  the  only  remains 
hitherto  found  are  a  single  specimen  of  Belhrophon  pcrturbatw 
below  Penrhyn  Park,  near  Bangor,  some  Graptolites  and  an  obscure 
fragment  of  a  Crustacean  near  Caernarvon,  at  the  place  first  described 
in  this  paper.  Cf.  Prof.  Ramsay's  Memoir  on  the  Geology  of  North 
Wales  (Mem.  Geol.  Survey,  vol.  iii.  p.  161). 

The  fossils  seem  to  indicate  that  the  deposit  belongs  to  the  upper 
part  of  the  Arenig  group. 


Appendix.     By  Henby  Hicks,  Esq.,  F.G.S. 

Ik  the  interesting  series  of  fossils  collected  by  Mr.  Marr,  and  which 
have  been  placed  in  my  hands  for  identification  by  Professor  Hughes, 
I  have  been  able  to  recognize  the  following  forms : — a  new  Caryocaris, 
a  new  JEglina;  Trinucleus,  sp. ;  Barrandea^  sp.;  Lingvla,  sp. ;  Dis- 
cma,  sp. ;  Obolella,  sp.';  Orthoceras  caereesiense  (Hicks),  Didymoyraptus 
bifidus  (Hall),  D.  indentus  (Hall),  2>.  Murchisoni  (Beck)  and  var. 
fureiUatus  (Lapw.).  The  specimens  hitherto  discovered  are  for  the 
most  part  fragmentary;  and  hence  identification  of  some  of  tho  species 
is  difficult.  I  have  therefore  preferred  in  such  cases  to  note  the 
occurrence  of  the  genus  only.  Others  are  undoubtedly  new  species 
or  varieties,  to  which  I  propose  to  give  names,  though  I  do  not  think 
it  would  be  advisable  to  figure  or  describe  them  fully  until  better  spe- 
cimens are  found.  Fortunatelythespeciee  recognized  enableus  to  make 
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out  without  any  doubt  the  position  of  the  beds  in  the  series,  and  to 
correlate  them  with  those  in  other  districts. 

As  described  in  Mr.  Hair's  paper,  the  rocks  have  been  faulted 
down  against  very  much  older  beds,  and  the  stratigraphical  evidence 
of  their  position  is  wanting ;  we  have  therefore  to  rely  almost 
entirely  upon  the  fossils  and  some  slight  assistance  which  we 
are  able  to  derive  from  lithological  characters.  The  whole  fauna, 
speaking  generally,  has  an  Arenig  look  about  it;  and  even  were  no 
species  capable  of  being  clearly  made  out,  I  should  have  no  hesitation 
in  placing  the  beds  in  that  group.  It  is,  however,  far  more  satisfac- 
tory to  be  able  to  point  out,  from  evidence  derived  from  other  districts 
where  the  succession  is  perfectly  clear,  what  the  real  position  of  the 
beds  must  be  as  proved  by  the  contained  fossils.  At  St.  Davids  the 
Graptolites  D.  bijidus  and  D.  indentus  are  found  only  in  the  upper 
Arenig  rocks,  and  2>.  furcillatus  and  2>.  Murchisoni  in  the  Lower 
Llandeilo.  According  to  Messrs.  Hopkinson  &  Lapworth,  this  ia 
also  the  position  of  these  fossils  in  the  neighbourhood  of  Shelve  in 
Shropshire,  and  in  Cumberland. 

Another  of  the  fossils,  Orihoceras  catrcesiense,  is  also  found  in  the 
Upper  Arenig  rocks  at  St.  Davids ;  and  the  genus  Caryocaris  is  only 
known  to  occur  in  the  Skiddaw  slates  of  Cumberland,  associated 
with  the  same  Graptolites  as  are  found  here.  I  think  we  are  justi- 
fied therefore  in  correlating  these  beds  with  the  Upper  Arenig 
rocks  elsewhere. 

In  some  respects  the  fauna  would  indicate  a  position  intermediate 
between  the  Upper  Arenig  and  Lower  Llandeilo,  a  passage  from  the 
one  into  the  other.  However,  on  grounds  mentioned  in  a  former 
paper  to  the  Society,  viz.  that  no  beds  so  low  are  anywhere  exposed 
in  the  neighbourhood  of  Llandeilo,  and  that  these  were  distinctly 
recognized  in  parts  of  North  Wales  by  Prof.  Sedgwick  many  years 
ago,  and  called  the  Arenig  group  by  him,  I  feel  it  is  but  right  that 
they  should  be  included  in  that  group. 

The  lithological  evidence  also  tends  to  bear  out  in  a  marked 
degree  the  foregoing  conclusions.  From  the  met  that  it  was  about 
this  time  that  volcanic  action  commenced  in  Wales  and  Cumberland, 
the  rocks  in  each  of  these  areas  assumed  much  the  same  cha- 
racter ;  specimens  from  St.  Davids,  Shelve,  Cumberland,  and  near 
Caernarvon  are  all  bluish-black  micaceous  shales,  with  little  or  no 
cleavage.  In  no  other  part  perhaps  in  these  early  series  have 
wo  this  character  so  universally  shown ;  and  I  attribute  the  cause 
to  the  admixture  of  a  considerable  amount  of  fine  volcanic  material 
with  the  ordinary  sediment.  Why  these  were  not  formed  into 
slates,  as  the  previous  and  succeeding  beds,  may  have  been  from  the 
presence  of  too  little  argillaceous  in  proportion  to  the  amount  of 
volcanic  material ;  for  they  were  subjected  to  the  same  amount  of 
pressure  as  those  in  which  the  cleavage  is  now  most  marked.  These 
beds  are  succeeded  in  the  places  mentioned  by  contemporaneous 
tuff  beds,  the  first  of  which  we  have  evidence  in  the  British  area. 
There  can  be  no  doubt  in  my  opinion  that  a  moderately  deep  sea 
prevailed  over  these   areas  at  the   time    that   these  beds  were 


Digitized  by  VjOOQ IC 


CAMBRIAN  SHALES  HEAB  CABBJTABVON. 


137 


deposited,  and  that  the  volcanoes  were  submarine.  The  presence 
of  fine  sediment  over  so  many  parts  in  Britain,  and  in  other 
regions  in  Western  Europe  proves  also  that  there  was  no  land  of 
any  extent  near. 

The  immediately  preceding  and  the  succeeding  sediments  also  are 
for  the  most  part  such  only  as  would  be  formed  in  a  moderately  deep 
sea  and  away  from  shore.  The  fine  argillaceous  material,  however, 
was  undoubtedly  the  result  of  denudation,  though  in  this  case  of  dis- 
tant land.  Up  to  this  time  the  sediments  had  been  gradually 
changing  from  the  rougher  to  the  finer  materials ;  and  in  the  next 
group,  wherever  volcanic  action  was  not  taking  place  over  these 
areas,  the  rocks  heaped  up  were  formed  almost  entirely  by  marine 
life,  showing  the  presence  then  of  a  clear  sea.  Exception  might 
perhaps  be  taken  to  this  view  on  the  evidence  of  the  great  grit  bed 
in  parts  of  Caernarvonshire,  and  also  of  the  Stiper  Stones  in  Shrop- 
shire. It  must  not  be  forgotten,  however,  that  in  each  of  these 
places  very  fine  sediments  directly  overlie  and  underlie  these  quart- 
lose  sandstones,  and  quite  conformably.  My  own  opinion,  already 
expressed  in  a  former  paper  *,  is  that  the  grit  bed  and  the  Stiper 
Stones  are  parts  of  what  was  a  shifting  sandbank  at  a  considerable 
distance  from  land,  and  in  a  sea  of  moderate  depth. 

The  discovery  of  these  fossils  by  Mr.  Marr  must  be  looked  upon 
as  of  considerable  importance,  since  it  enables  us  to  read  the  succes- 
sion of  these  early  Palaeozoic  rocks  in  Caernarvonshire  in  a  much 
clearer  manner  than  we  have  hitherto  done,  and  it  also  carries  the 
succession  there  a  stage  higher. 

The  following  attempt  at  a  comparison  of  the  series  which  make 
up  the  Arenig  group  in  Caernarvonshire  and  in  Pembrokeshire 
may  now  be  useful. 


Pembrokeshire, 
(  a,  Black  shale  followed 
by  interbodded  tuff. 


Upper  Arenig. 


Middle  Arenig. 
lower  Arenig. 


Caernarvonshire. 
Shales  of  Bangor  and 
Caernarvon,  and  shales 
under  and  mired  up 
with  the  lower  ash-beds 
in  the  Arenig  moun- 
tains, and  to  the  N.E. 
and  N.W.  of  Portma- 
doo. 

b,  Fine  slates  b,  Slates  at  Ty  Obrey,  and 

under  the  above  near 
Arenig. 

Slates  and  flags Grit  bed  at  Ty  Obrey  &c. 

Slates  and  flags Upper    Tremadoo    rocks 

near  Portmadoc,  and 
black  slates  under  the 
grit  bed  near  Arenig  Ac  t 


*  Quart.  Journ.  Geol.  Soo.  voL  sod.  page  175. 

t  In  addition  to  the  evidence  given  in  my  former  paper  in  regard  to  these 
beds,  I  have  lately  received  from  Mr.  Homfray  a  good  specimen  of  Callograptus, 
which  was  discovered  by  Mr.  Ash  in  the  neighbourhood  of  Portmadoc,  in  the 
lower  part  of  the  Upper  Tremadoo  rocks,  and  which  appears  to  be  identical 
with  the  species  found  at  St,  Davids. 
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A  very  short  diagram  of  the  two  mew  species  may  be  added, 
leaving  the  fuller  descriptions  until  better  specimens  have  been 
found. 

Glsiogjuob  Minn,  n.sp. 

Carapace  about  |  inch  long,  mare  pointed  than  rounded  ante- 
riorly, Bnbtnmeate  posteriorly ;  width  at  the  broadest  part  about  | 
inch.  Shell  thick  and  horny4ooaing,  probably  similar  m  composition 
to  the  shell  of  a  Trilobite.  The  surface  is  convex  over  about  three 
quarters  of  its  length,  and  is  marked  with  at  least  three  moderately 
deep  furrows,  bent  considerably  forwards,  and  which  seem  to  divide 
it  into  lobes.  The  carapace  has  the  appearance  of  being  much 
narrower  than  in  C.  WrujktiL 

jEfiLDUL  HuGHESH,  BL  Sp. 

Apparently  not  more  than  £  inch  in  length,  sometimes  much 
less.  Head  smooth,  inflated,  and  convex,  longer  and  wider  than 
the  tafl.  Glabella-furrows  indistinct.  Eyes  smalL  Body-rings 
six:  axis  arched,  very  wide  anteriorly,  bat  tapering  regularly 
backward.  Tail  triangular  and  strongly  margined,  axis  raised  and 
reaching  nearly  to  the  hinder  margin.  This  is  a  very  good  species, 
and  cannot  well  be  confounded  with  any  other  British  species.  Its 
small  size,  very  strongly  marked  tapering  axis,  and  large  inflated 
head,  are  good  characteristics. 

Discussiox. 

Prof.  Rajisat  was  glad  to  find  that  the  Upper  Arenigs  mark  a 
passage,  as,  indeed,  he  had  previously  thought,  He  had  never  seen 
volcanic  materials  in  that  part  of  Caernarvonshire ;  but  intrusive 
porphyries  occur  there.  It  seemed  to  him  that  the  series  was  in- 
complete ;  there  is  no  trace  of  the  Tremadoc  rocks  and  Lingula- 
flagB  near  the  Menai  Straits,  the  Arenig  beds  lying  unfaulted  upon 
Cambrian  in  Caernarvonshire  and  quite  nnconformably  in  Angle- 
sey. Certain  ferruginous  beds  of  the  Arenig  series  which  occur 
near  the  Menai  Straits  are  found  further  south  lying  on  Cambrian 
with  no  Tremadoc  beds  or  Tingnla-flags,  and  so  also  in  Anglesey. 

Mr.  Junn  suggested  that,  in  appealing  to  the  case  of  the  Scottish 
rocks  as  supporting  his  views  concerning  the  unconformity  between 
the  Cambrian  and  Silurian  formations,  Professor  Ramsay  was 
reasoning  in  a  circle,  seeing  that  the  so-called  Cambrian  rocks  of 
Scotland  had  only  been  identified  as  such  on  the  ground  of  their 
unconformable  infraposition  to  the  Silurian. 

Prof.  Hughbs  remarked  that  the  question  seemed  to  be  what  is  to 
be  regarded  as  the  base  of  the  Arenig.  The  North-Wales  district 
was  evidently  highly  faulted,  which  gave  rise  to  most  of  the  dif- 
ficulties. He  objected  to  certain  beds  being  classed  as  Cambrian 
without  fossil  evidence,  and  maintained  that  we  have  as  yet  no 
right  to  apply  the  term  Lauren tian  to  any  rock  on  this  side  of  the 
Atlantic. 
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Mr.  Hicks,  in  reply,  said  he  could  not  agree  with  Prof.  Ramsay 
that  there  was  a  break  in  the  series  at  this  point,  either  in  the 
sooth  of  Scotland,  in  Cumberland,  in  Shropshire,  or  in  Wales.  The 
faunas  and  the  sediments  in  each  of  these  places  show  that  very 
similar  conditions  prevailed  when  the  rocks  were  deposited.  In 
nearly  all,  the  conformity  between  the  beds  also  is  most  clearly  shown. 
These  shales  near  Caernarvon,  he  thought,  wore  undoubtedly  dropped 
down  against  the  older  beds  by  two  or  more  faults,  and  were  not 
unconformable  to  the  older  rocks,  as  supposed  by  Prof,  Ramsay. 
There  is  no  evidence  to  show  that  any  changes  took  place  over  this 
limited  area  at  or  before  the  time  these  beds  were  deposited  which 
could  have  produced  such  an  effect.  The  sections  are  acknowledged 
to  be  for  the  most  part  hidden  by  drift ;  there  is  no  actual  uncon- 
formity seen,  and  the  whole  is  assumed  on  the  strength  of  very 
imperfect  data.  There  are  no  alterations  in  the  sediments  such  as 
would  indicate  beach-conditions ;  and  many  of  the  beds  are  greatly 
metamorphosed,  and  their  age  in  most  cases  doubtful.  It  seems, 
therefore,  far  more  reasonable  to  suppose  that  the  ground  here  is 
greatly  faulted,  and  that,  as  in  very  many  other  areas,  the  absence 
of  a  series  at  any  one  or  more  places  is  due  to  some  accidental  cause, 
and  not  to  an  unconformity. 
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IS.  On  Colooaa,  Fissile,  ami  Spheroidal  Structure.  By  tho 
Rev.  T.  G.  Boxset,  M.A.,  F.GJS.,  Fellow  and  Tutor  of  St. 
John's  College,  Cambridge.    (Bead  February  23,  1876.) 

The  subject  of  the  columnar  jointing  and  spheroidal  structure  of 
rocks  has  of  late  received  considerable  attention,  the  most  im- 
portant papers  on  the  subject  being  those  by  Professor  James 
Thomson*  and  by  Mr.  R.  Mallet  f.  The  former  explains  the  colum- 
nar structure  by  a  contraction  of  the  mass  in  cooling,  and  advances 
a  novel  theory  to  account  for  the  cup-and-ball  structure  observed  in 
cross-jointing,  viz. — that  the  fracture  commenced  at  the  centre, 
owing  to  a  longitudinal  tensile  stress,  starting  often  from  a  "  small 
[included]  mass  of  stone  different  in  texture  and  in  hardness  from 
the  rest"  of  the  rock,  and  proceeded  outwards  towards  the  peri- 
phery. The  cause  of  this  tensile  stress  he  considers  to  be,  probably, 
chemical  action  set  up  by  infiltration  of  water,  which  has  produced 
an  expansion  of  the  outside  of  the  column,  so  that  the  outer  part, 
growing  longer,  has  strained  and  finally  snapped  the  interior. 
The  spheroidal  structure,  often  manifested  in  decaying  basalts,  he 
considered  not  to  be  "  an  original  concretionary  structure,  but  due 
to  decomposition  penetrating  from  without  inwards  in  blocks  or 
fragments,  into  which  the  rock  has  been  fissured." 

Mr.  R.  Mallet  commences  his  paper  by  an  ingenious  mathematical 
demonstration  of  the  cause  of  hexagonal  fracture  in  the  contracting 
body.  He  then  passes  on  to  consider  the  cup-and-ball  structure. 
This  he  regards  as  a  further  product  of  contraction  from  loss  of  heat 
in  a  prism  which  is  now  cooling  from  the  sides  as  well  as  from  an 
end,  so  that  the  curved  surface  of  the  joint  is  always  concave  to  the 
end  which  is  losing  heat ;  and  he  regards  the  spheroidal  structure 
as  the  result  of  the  residual  forces  of  contraction  which  yet  remain 
in  the  imperfectly  cooled  prismatic  blocks  into  which  the  column  is 
divided. 

That  columnar  structure  was  due  to  contraction  was  clearly 
pointed  out  many  years  since  by  Mr.  Scrope  in  his  admirable  work 
on  the  Auvergne  J ;  so  that  the  confused  statements  in  subsequent 
text-books  of  geology  well  deserve  the  severe  comments  of  the  above- 
named  authors.  With  their  explanation  I  fully  concur ;  and  the 
demonstration  of  Mr.  R.  Mallet  seems  to  me  unanswerable.  I  shall 
therefore  pass  rapidly  over  this  part  of  the  subject,  merely  calling 
attention  to  one  or  two  points  of  interest  in  connexion  with 
columnar  structure.  As,  however,  I  entirely  dissent  from  Professor 
J.  Thomson's  conclusions  in  the  rest  of  his  paper,  and  differ  to  some 
extent  from  those  of  Mr.  Mallet,  I  venture  to  think  there  is  yet 
room  for  a  few  remarks  on  the  subject — one  which  I  have  for 
some  time  past  lost  no  opportunity  of  studying. 

*  Report  of  Belfast  Naturalists'  Field  Club,  18G9-70. 
t  Phil.  Mag.  ser.  4,  vol.  1.  pp.  122,  201. 
X  Volcanoes  of  Central  France,  p.  92. 
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I  shall  begin  by  describing  the  various  structures  which  may  be 
observed  in  rocks,  more  especially  volcanic,  and  then  consider  how 
far  they  can  be  explained  by  the  theory  of  contraction,  as  stated  by 
the  above-named  authors.  The  advantage  of  this  method  will  be 
that  we  shall  see  more  clearly  what  phenomena  have  to  be  explained. 
I  shall  consider  the  spheroidal  structure  apart  from  the  others. 

It  is  almost  needless  to  remark  that  though  columnar  structure* 
appears  to  bo  most  frequent  in  basalt,  it  is  not  confined  to  that  rock ;  I 
have  myself  seen  it  in  trachyte  (district  of  Mont  Dor,  Auvergne), 
pitchstone  (Arran),  felstone  (Cader  Idris,  &c),  phonolite  (Roche  Sa- 
nadoire  &c,  Auvergne).  Nor  is  it  confined  to  igneous  rock.  I  have 
observed  it  in  volcanic  mud  (beneath  a  bed  of  basalt  in  Tides  well  Dale, 
Derbyshire),  in  coal  at  contact  with  basalt  from  Ayrshire  (Geological 
Museum  of  Edinburgh)  and  from  Yorkshire  (Woodwardian  Museum, 
Cambridge),  in  haematite  iron-ore  (ib. ;  the  columns  are  about  £  inch 
in  diameter),  and,  though  rather  imperfect,  in  palagonite  tuff 
(Iceland),  and  in  a  large  quartz  vein  (Svolvaer,  Lofoten  Islands). 
Ice  also,  when  kept  for  some  time  very  near  a  temperature  of  32° 
Fahrenheit,  as  it  is  during  a  slow  thaw  or  in  those  singular  caverns 
termed  giacieres,  in  the  Alps,  also  exhibits  a  beautifully  regular 
columnar  structure,  which  I  can  only  attribute  to  a  contraction  of 
the  mass,  probably  as  it  passes  from  the  point  of  minimum  den- 
sity to  the  melting-point  f. 

Occasionally  one  set  of  parallel  divisional  planes  is  more  strongly 
marked  than  the  others,  so  that,  while  the  majority  of  the  columns 
retain  the  hexagonal  type,  an  oblong  form  dominates,  and  a  some- 
what platy  or  bedded  aspect  is  given  to  the  rock-mass.  I  remember 
observing  this  especially  in  a  tradhyte  in  the  ravine  of  the  cascade 
of  the  Dore,  on  the  Pic  de  Sancy ;  and  it  is  very  conspicuous  in  the 
great  mass  of  felsite  which  rises  above  Llyn-y-Gader  (Cader  Idris). 

Columnar  structure  is  rarely  set  up  quite  close  to  the  exterior  of 
the  mass ;  there  is  usually  an  interval,  varying  from  a  few  inches  to 
sereral  yards  ;  this  is  either  affected  by  some  other  form  of  jointing 
or  is  quite  irregularly  cracked. 

Where  the  space  intervening  between  the  columnar  part  and  the 
exterior  is  but  small,  as,  for  example,  in  "the  Spindle,"  near  St. 
Andrew's,  Fife,  and  at  Montiquey  quarry,  near  Balmuto  in  the  same 
county,  it  may  be  concluded  that  the  mass  soon  began  to  lose  heat 
very  uniformly.  Hence  this  structure  is  more  likely  to  occur  in 
intrusive  masses  (especially  when  the  lava  cooled  at  some  depth  like 
the  above)  than  in  streams  of  subaerial  lava.  In  the  latter  also 
the  columns  often  approach  nearer  to  the  under  than  to  the  upper 
surface.  Thus  the  lava-stream  of  Royat  is  rudely  columnar  almost 
close  to  its  base  at  the  grotto  of  the  Tirtaine,  as  is  the  stream  from 
the  eastern  side  of  the  Puy  de  Gravenoir,  where  it  is  exposed  in  a 
quarry  on  the  east  of  the  road  from  Clermont-Ferrand  to  Beaumont, 
whilo  the  upper  part,  still  some  yards  thick,  exhibits  a  far  less 

*  As  it  may  be  considered  to  be  now  agreed  that  the  sides  of  the  prisms  are 
normal  to  the  surface  of  cooling,  I  shall  not  multiply  instances  to  prove  this, 
t  See  '  Nature/  vol.  i.  p.  481,  vol.  iii.  p.  288. 
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regular  structure.     The  same  may  be  observed  in  the  prismatic 
lava  at  Torre  del  Greco  (Naples),  and  at  FingaTs  Cave  (Staffa). 

The  curved  forms  of  the  columns  have  been  so  fully  discussed  by 
Mr.  Scrope  and  Mr.  R.  Mallet  that  I  pass  them  by,  merely  stating 
that  while  some  of  the  cases  of  slight  flexure  may  be  produced  by  a 
small  motion  of  the  lava-stream,  after  the  formation  of  the  columns, 
but  before  it  has  become  perfectly  solid,  the  majority  must  be  duo 
to  changes  in  the  form  of  the  surface  of  what  we  may  call  breaking- 
tension  in  the  cooling  mass.  It  is  extremely  difficult  to  explain 
such  complicated  cases  as  the  Clam-shell  Cave  (Staffa),  Pouk  Hill 
(Walsall),  the  Roche  Sanadoire  (Auvergne),  and  Jaujac  (Ardeche) ; 
but  we  must  remember  that  the  surface  of  cooling  must  be  closely 
related  to  the  surface  of  the  mass,  and  that  partial  denudation  has 
often  deprived  us  of  the  data  for  that  part  of  the  problem.  Varia- 
tion in  the  conductivity  of  the  superincumbent  materials  might  also 
produce  some  effect.  Further  complication  has  been  sometimes 
introduced  by  large  fissures,  which  appear  to  have  opened  out  in  the 
the  mass  somewhat  anterior  to  its  breaking  into  columns,  and  have 
allowed  of  a  more  rapid  escape  of  heat  from  their  surfaces.  Thus 
columns  will  often  be  found  to  curve  to  a  large,  more  or  less  hori- 
zontal joint  (see  fig.  1). 

Fig.  1. — Columns  of  Trachyte  curving  to  a  joint  {Pic  de  Saucy, 
near  Cascade  of  the  Dore). 


A,  B.  Great  joint.    C.  Minute  cross-joints. 

The  structures  more  or  less  parallel  to  the  surfaces  of  the  mass, 
and  consequently  generally  at  right  angles  to  the  columnar,  have 
next  to  be  noticed.  These  may  be  roughly  classified  as  (a)  Fissile 
tore  ^  Tabukr'  W  Curvitet>ular,  (d)  Cup-and-ball  srruc- 

dn£lL^W*CrA  di8tilict  tendency  to  a  cleavage,  at  first  sight 
rock«  ^T^S  thftt  of  ordinary  slates,  is  often  visible  in  igneous 
splits'  w*i?V  i  *Xe  °n  the  north  8ide  of  tho  hm  of  Dunfion  (Arran) 
Bheet  of  SJt  ♦  Wo  eaSe  in  0ne  *****"»•  The  great  intrusive 
has  a  oU8tiS^ne-,0n  ?e  Corriegm8  «hore  of  the  same  island  also 
surfaces,  toKt0^ especially  near  the  upper  and  lower 
may  be  often  o^sLt^  8t™*ure  »  P^aUcl.  Tho  same  structure 
^me  shor^usuaUv  hT*  the.?urfttco  <*  basalt  dykes,  as  on  this 
o,  usually,  however,  it  extends  only  for  a  few  inches  into 
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the  mass.  The  outer  part  of  the  mass  of  basalt  at  the  Spindle  and 
Montiquey  (mentioned  above)  exfoliates  in  rather  thin  plates ;  and 
the  columns  are,  so  to  speak,  enclosed  in  a  fissile  spheroidal  shell  a 
few  inches  thick. 

The  phenomenon  is  very  conspicuous  in  some  of  the  trachytic 
rocks  of  the  Auvergne ;  those  in  the  Cantal  and  Mont  Dore  are  so 
fissile  as  to  be  used  for  roofing-slates.  The  well-known  Roche 
Sanadoire  and  Boche  Tuilliere*,  the  latter  of  which  is  extensively 
quarried  for  the  above  purpose,  are  very  remarkable  instances  of  this 
structure,  and  throw  much  light  upon  its  origin.  1  shall  therefore 
describe  them  in  some  little  detail.  Near  the  highest  part  of  the 
great  Auvergne  plateau,  from  which  rise  the  groups  of  the  Puy-de- 
Dome  volcanoes  and  the  chain  of  the  Pic  de  Sancy,  and  at  the 
northern  extremity  of  the  latter,  two  rocky  bluffs  rise  on  either  side 
of  the  deep  cirque-like  head  of  a  wooded  glen.  That  on  the  right 
bank  of  the  valley  is  the  Sanadoire,  on  the  left  La  Tuilliere.  Both 
are  phonolite;  but  the  character  of  the  rockf,  and  still  more  its 
structure,  are  different 

The  Boche  Sanadoire  forms  the  extremity  of  a  rather  short  spur 
from  the  Puy  de  TAngle.  On  the  southern  side  it  is  not  very  con- 
spicuously columnar;  but  the  rock,  which  is  exposed  in  several 
abrupt  crags,  is  divided  into  a  vast  number  of  small  rather  irregular 
prisms,  with  numerous  cross  joints.  When,  however,  a  view  is 
gained  of  the  precipitous  western  face,  the  columnar  structure 
becomes  more  conspicuous,  together  with  another  set  of  divisional 
planes,  which  give  a  more  fissile  character  to  the  rock.    A  reference 

Fig.  2. — Columnar  and  Fissile  structures.     Boche  Sanadoire. 


A,  C.  Jointed  columns.     B.  Fissile  bands. 

»  Mr.  B.  Mallet  (PhiL  Mag.  ser.  4,  tot  1.  p.  218)  calls  the  rock  of  La 
Tuilliere  basalt,  and  the  fissile  structure  a  "  slaty  cleavage"  due  to  subsequent 
pressure.  The  rock  is  a  phonolite,  and  has  not  the  slightest  resemblance  to 
basalt ;  and  the  structure,  I  trust  to  show,  is  not  a  case  ot  ordinary  cleavage. 

t  For  full  account  see  '  Neues  Jahrbuch  fur  Mineralogie,'  1872,  p.  3M. 
Q.  J.  G.  8.  No.  126.  l 
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to  the  annexed  diagram  (fig.  2),  together  with  the  following  extract 
from  my  note-hook  may  make  this  plain : — 

44  The  columns  are  frequently  rather  rude  and  qnadrangular 
in  shape;  in  part,  however,  they  are  tolerably  regular  and  hex- 
agonal. They  are  bent  in  a  most  singular  manner,  so  that  those 
toward  the  outside  curve  round  and  roughly  overarch  an  interior  nearly 
vertical  sheaf  or  boss.  These  columns  are  cut  by  numerous  cross  joints 
which  run  parallel  to  great  curving  divisional  planes,  and  traverse 
their  axes  at  a  high  angle.  Thus  the  columns  appear  to  be  built 
up  of  slabs.  The  cross  joints  are  commonly  not  at  right  angles  to 
the  axis,  the  inclination  sometimes  not  exceeding  50°.  In  parts 
this  platy  structure  becomes  so  conspicuous  as  almost  to  obliterate 
the  prismatic ;  and  a  very  singular  effect  is  produced  by  this  alterna- 
tion of  bands  of  'frilled*  and  'crimped'  rock.  The  whole  mass, 
whether  distinctly  columnar  or  not,  has  more  or  less  of  a  fissile 
structure,  which  is  of  course  most  distinct  where  the  columns  are 
least  so,  and  is  (so  far  as  I  could  see,  and  as  one  would  expect) 
parallel  to  the  great  curving  divisional  planes.  This  description 
applies  especially  to  the  south-western  part  of  the  hill;  when  a 
view  is  obtained  of  the  whole  of  the  western  face,  as  from  the  slopes 
on  the  opposite  sides  of  the  valley,  the  same  complicated  double 
structure  will  be  seen  continued  throughout." 

Turning  now  to  the  Roche  Tuilliere,  we  find  that  its  eastern  face 
is  divided  into  a  number  of  large  columns ;  these  are  very  distinctly 
marked,  and  are  cut  by  a  great  number  of  cross  joints,  which  are 
not  at  right  angles  to  the  axis  of  the  columns,  but  dip  outwards. 
These  joints  also,  when  viewed  from  a  distance,  are  seen  not  to 
traverse  the  face  of  the  cliff  horizontally,  but  to  arch  upward  from 
its  two  extremities  so  as  to  become  horizontal  in   the  centre, 


Fig.  3. — Diagram  of  Columns  and  Cross 
joints  (Roche  Tuilliere). 


Fig.  4. — Fissile  structure. 
(Roche  Tuilliere). 


c  .. 


B  C 

A  B.  Vertical  joints.    C  C.  Direction  of  erost 
joint*.     D.  Direction  of  southern^end  of  cliff. 


following  very  nearly  the  curve  of  its  sky-line,  which  has  no  doubt 

been  determined  by  the  direction  of  these  divisional  planes.     On 

climbing  the  steep  wooded  talus  to  the  base  of  the  columns  their 

^•cture  becomes  more  evident.     In  shape  they  are  rather  less 
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regular  than  their  distant  appearance  would  lead  one  to  infer,  as 
they  vary  from  irregular  quadrangular  to  hexagonal,  the  majority 
appearing  to  be  pentagonal.  They  are  often  as  much  as  6  feet  in 
diameter.  The  great  cross  joints  cut  the  oolumns  at  distances  from 
2  to  5  feet  apart ;  and  the  whole  mass  is  traversed  by  a  fissile  struc- 
ture curiously  resembling  that  of  a  roughly  cleaved  slate,  parallel 
to  these  joints.  As  the  outward  dip  of  these  planes  is  some  20°,  it 
produces  a  most  unpleasant  idea  of  instability  upon  the  mind ;  for 
the  columns  look  as  if  the  least  disturbance  would  cause  them  to 
slip  forward.  At  the  southern  end  of  the  cliff  the  columns  are  less 
distinct ;  and  here  the  curve  of  the  divisional  planes  makes  a  much 
higher  angle  with  the  horizon  than  elsewhere,  becoming  nearly 
vertical  (see  figs.  3  &  4). 

From  the  above  descriptions  it  will  be  evident  that  the  fissile 
structure  in  these  rocks  cannot  be  a  true  cleavage ;  its  explanation 
will  be  attempted  presently. 

(b)  Tabular  Structure. — In  many  igneous  rocks  the  horizontal 
joints  are  so  regularly  and  strongly  defined  as  to  produce  a  tabular 
or  bedded  structure.  Instances  of  this  may  be  seen  in  many 
granites,  as,  for  example,  at  Pardenick  Point,  near  the  Land's 
End ;  in  dolerite,  in  an  intrusive  mass  under  "  the  Castle,"  Burntis- 
land (Fife) ;  in  the  gabbro  of  the  Gimlet  rock,  Pwlhelli,  and  of  the 
Cuehullin  Hills ;  and,  though  less  perfectly,  in  some  of  the  "  traps  " 
in  the  Lake-district.  A  case  which  I  have  more  than  once  observed 
seems  to  suggest  some  connexion  between  this  and  the  platy  struc- 
ture described  above.  !in  excellent  example  of  it  may  be  found  in  a 
quarry  on  the  Gross  Weilberg  (Siebengebirge)  (fig.  5).    Here  a  mass  of 

Fig.  5. —  Columns  $c.  (Gross  Weilberg). 


A,  Trachytic  tuff.  B.  Closely  jointed  rude  oolumnt.  C.  Bent  columns. 
D.  Upper  stage  of  quarry  with  good  columns.  E.  Lower  stage. 
F.  Platy  structure.    G.  The  same  in  rude  oolumns. 

basalt  is  intruded  into  a  trachytic  tuff.     The  exterior  of  the  mass  at 
the  top  is  for  the  Bpace  of  3  or  4  feet  divided  into  rude  quadran- 

l  2 


Digitized  by  VjOOQ IC 


146 


T.  6.  BOKNEY  ON  COLUXNAB,  FISSILE, 


gular  prisms,  which  are  traversed  by  so  many  cross  joints  as  to 
make  the  rock  almost  platy  in  structure  ;  then,  after  a  distance  of 
about  a  yard,  where  the  normal  joints  become  rather  more  frequent 
and  somewhat  confused,  a  series  of  magnificent  columns  commences, 
which  run  with  great  regularity,  and  are  singularly  free  from  cross 
joints,  the  shafts  often  being  unbroken  for  a  distance  of  several 
yards.  On  approaching  a  contact  with  the  tuff  on  the  lower  aide  of 
the  mass  a  platy  structure  again  sets  in. 

This  tabular  structure,  it  will  be  observed,  is  roughly  parallel  to 
the  bounding  surface  of  the  mass,  as  is  the  bedding  in  the  case 
noticed  under  Burntisland  Castle.  Intrusive  dykes  also  sometimes 
show  a  tabular  or  roughly  platy  structure  running  parallel  to  their 
bounding  surfaces. 

(c)  Curvitabular  Structure. — I  proceed  next  to  describe  a  struc- 
ture which  1  have  not  often  noticed  myself,  and  do  not  remember  to 
have  seen  described  by  others — which,  for  the  sake  of  a  name,  I  may 
denominate  curvitabular  jointing.  As  an  example  of  it  I  will  de- 
scribe the  basalt  of  the  Plateau  de  Prudelle,  above  the  valley  of 
Villar  (Auvergne),  a  sketch  of  which  is  engraved  by  Mr.  Scrope,  in 
plate  vi.  of  his  work  on  the  Auvergne.  This  basalt  crowns  a  rib  or 
promontory  of  granite,  resting  on  this  or  on  a  thin  intervening  bed  of 
sandy  (and  ashy  ?)  marl  containing  rolled  felspar  crystals  and  a  few 
bits  of  scoriaceous  basalt.  Above  the  marl  comes  a  rather  irregular, 
hard,  "  ropy  "-looking,  brown  band,  probably  only  the  baked  crust 
of  the  marl,  which  is  united  irregularly  to  the  base  of  the  basalt 
flow.  This  is  very  rough,  slaggy  and  scoriaceous,  in  places  re- 
sembling an  agglomerate  of  cinders,  sometimes  partly  fused  together, 
sometimes  loose.  This  crust  is  about  a  foot  thick,  and  passes  rather 
suddenly  into  a  somewhat  slaggy-looking  basalt,  with  a  few 
elongated  vesicles  and  occasional  irregular  vertical  joints.  This 
continues  for  about  2  feet ;  and  then  the  curvitabular  structure  sets 
in  rather  suddenly.    The  mass  is  traversed  by  a  series  of  more  or  less 

Fig.  6. — Diagram  of  Curvitabular  structure  (Plateau  de  la  Prudelle). 
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horizontal  curving  joints  with  their  convexities  upward ;  so  that  the 
whole  is  divided  into  a  series  of  plano-convex,  meniscoid,  or 
concavo-convex  blocks,  in  length  perhaps  about  2  to  4  feet,  and  in 
thickness  4  to  12  inches  (fig.  6).  This  structure  continues  with  but 
•light  indications  of  any  tendency  to  vertical  master  joints  for  some 
35  feet;  and  then  the  basalt  for  the  remaining  space  (perhaps  about 
4  yards)  becomes  rather  suddenly  rudely  columnar*.  How  much 
has  been  removed  by  denudation  from  the  top  of  the  flow  it 
is  impossible  to  say.  At  the  end  of  the  spur  there  is  evidence 
that  its  surface  was  uneven  and  a  ridge  already  defined  when 
the  basalt  flowed;  for  the  tabular  structure  curves  in  both  the 
longitudinal  and  transverse  sections,  so  as  to  remain  symmetrical  with 
the  surface  of  the  ground.  It  is  therefore  evident  that  it  is  con- 
nected with  the  form  of  the  surface  of  the  rock.  Close  to  the 
station  of  Rougeac  (railway  from  Le  Puy  to  Arvant)  I  saw  a  similar 
structure  in  a  mass  of  basalt.  A  very  rough  sketch  of  this  in- 
teresting section  (jotted  down  from  the  railway-carriage  window) 
is  given  below  (fig.  7). 

Fig.  7. — Section  at  Rougeac. 


A.  Basalt    B.  Stratified  volcanic  ash.    C.  Agglomeratic  volcanic  asb. 
D.  Basalt,  with  curritabular  structure. 

Here  also  the  structure  is  affected  by  the  form  of  the  bounding 
surface ;  but  in  this  case  the  convexities  of  the  curves  are  turned 
downward. 

(d)  Cup-and-baU  Structure. — The  next  structure  to  be  noticed 
is  that  form  of  cross-jointing  of  columnar  rock  which  goes  by  the 
name  of  cup-and-ball  structure.  Usually  the  columns  are  divided 
across,  at  variable  distances,  by  plane  cross  joints  at  right  angles  to 
their  axes.  These  sometimes,  as  in  the  Gross  Oelberg  and  Weilberg 
(Siebengebirge),  and  at  Murat  (Departement  de  Cantal,  Auvergne), 
are  as  much  as  15  or  20  feet  apart ;  but  commonly  they  are  not  more 
than  a  yard,  and  sometimes  less.  Occasionally,  however,  the  joint- 
surface  is  not  a  plane,  but  more  or  less  curved,  so  that  the  convex 
extremity  of  one  segment  fits  into  the  concave  extremity  of  the  next. 
The  form  of  this  curve  varies :  sometimes  its  curvature  is  but  slight, 
and  it  is  continued  down  to  the  sides  of  the  prism ;  at  others  the 
curvature  is  more  marked,  the  outline  of  the  ball  being  more  nearly 
circular,  and  is  not  continued  to  the  sides  of  the  prism,  a  flat  space 

*  Mr.  Sorope  (p.  106)  describes  this  basalt  as  separated  at  some  points  into 
Tory  regular  prisms  of  fire  or  six  sides,  which  exfoliate  by  decomposition  in 
slaty  lamina  at  right  angles  to  their  axes.  I  do  not  remember  to  hare  seen 
this  structure  conspicuous  in  the  part  which  I  examined. 
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intervening  between  these  and  the  curved  boundary  of  the  ball, 
which,  as  a  rule,  nowhere  touches  them. 

These  curves  generally  point  in  one  direction,  sometimes  upward, 
sometimes  downward ;  occasionally,  however,  cases  may  be  noticed 
where  they  are  differently  directed  in  adjoining  columns*.  80  far 
as  I  can  remember,  they  are  most  frequent  where  the  rock  exhibits 
the  spheroidal  structure  which  I  am  about  to  describe ;  but  before 
doing  this  I  should  wish  to  call  attention  to  a  curious  form  of  cross- 
jointing  which  1  observed  in  some  of  the  basalt  columns  at  the  upper 
part  of  the  hill  of  Bonnevie,  Murat  (fig.  8). 

Here,  in  the  upper  part  of  the  excavation  opened  for  quarrying, 
a  curious  interruption  to  the  regularity  of  the  columns  may  be 
observed  in  the  form  of  a  sort  of  projection,  like  a  part  of  a  capital 
from  which  springs  the  base  (curving  till  the   old  direction   is 


Fig.  8. — Cross  joints  at 
Bonnevie. 


Fig.  9. — Stwcture  of  Columns 
in  the  Lava  at  Hot/at. 


\ 


A.  Plane  of  parallel  joint* 

resumed)  of  another  column.  A  closer  examination  shows  that  this 
structure  is  connected  with  a  series  of  cross  joints,  which  cut  the 
columns  (here  at  angles  of  about  60°),  and  to  whose  plane  the  axes 
of  the  imperfect  prisms  forming  the  brackets  are  parallel.  These 
joints  are  from  4'-6'  apart ;  and  the  ordinary  cross- jointing  in  the 
other  parts  of  the  hill  seems  rather  regular. 

A  singular  case  of  columnar  and  joint-structure  occurs  in  the 
valley  of  the  Tirtaine,  near  the  grotto  of  the  springs  between  Old 
and  New  Royat  (Auvergne).  Here  the  lava-stream,  which  is 
generally  irregularly  jointed,  and  sometimes  (according  to  Mr. 
Scrope)  spheroidal,  is  rudely  columnar  at  its  base  (fig.  9).  The 
columns  are  irregularly  hexagonal,  and  about  18"  in  diameter.  At 
first  sight  they  seem  cross-jointed  at  intervals  of  about  12"  or  15"; 

*  Ab  i»  the  case  (pointed  out  by  Mr.  Scrope,  Geoi.  Mag.  Dec  11,  vol.  ii.  p.  412) 
in  the  columns  in  poMeseion  of  our  Society. 
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but  on  closer  examination  it  becomes  evident  that  this  apparent 
division  is  caused  by  a  change  in  the  direction  of  the  faces  of  the 
column,  so  that  for  a  very  short  space,  at  this  point,  they  are  no 
longer  vertical,  but  bend  very  slightly  in  or  out.  Nearly  all  these 
apparent  bands  curve  a  little  upwards.  Sometimes  they  correspond 
with  actual  cross  joints ;  at  others  there  may  be  very  fine  con- 
cealed cross  joints;  but  in  many  there  is  not  the  slightest  sign 
of  any  division  at  all.  Still  these  bands  indicate  a  tendency  to 
division ;  for  at  a  short  distance  the  columns  become  less  regular,  and 
the  real  cross  joints  (still  curving  upwards)  more  numerous,  so  that 
the  lava  is  first  divided  into  irregular  rectangular  blocks,  with 
curved  upper  and  under  surfaces,  and  then  broken  by  irregular 
curving  joints,  which  in  a  few  cases  approach  the  curvitabular 
structure  already  described ;  so  that  in  one  part  the  columnar,  in 
another  the  curvitabular  structure  is  dominant. 

To  proceed  to  the  spheroidal  structure.  Professor  J.  Thomson 
regards  it  as  the  result  of  a  process  of  exfoliation  due  to  the  action 
of  the  weather  on  a  tolerably  regular-shaped  homogeneous  mass. 
Though  undoubtedly  cuboidal  blocks  of  rock  have,  for  obvious 
reasons,  a  tendency  to  weather  into  rough  spheroids,  and  though 
further  action  of  the  weather  might  occasionally  produce  concentric 
exfoliation  in  such  spheroids,  yet  I  trust  to  show  that  this  explana- 
tion is  wholly  inadequate  in  the  present  case,  although  doubtless 
the  weather  has  great  effect  in  developing  the  structure.  The  ex- 
amples which  I  am  about  to  mention  will,  I  think,  establish  these 
two  propositions : — 

(1)  Spheroidal  structure  is  to  be  seen  in  rocks  which  are  not 
homogeneous  and  are  not  at  all  cuboidal  in  form. 

(2)  Spheroids  may  be  found  in  columnar  rock  which  have  evi- 
dently formed  inside  a  prism,  the  exterior  of  which  was  not  broken 
by  joints. 

Spheroidal  structure  has  been  observed  in  plaster  on  a  wall*. 
A  very  fine  example  of  it  in  bedded  shale  is  figured  by  Mr.  Jukes  in 
his  'Manual  of  Geology* f.  I  have  seen  it  well  developed  (of  an 
ellipsoidal  form)  in  a  lenticular  fragment  of  shale  caught  up  in 
basalt  on  the  Fifeshire  coast,  near  EHc.  A  very  fine  instance  of  it 
may  be  seen  in  volcanic  ash  near  the  village  of  Santa  Lucia  (Valle  de 
Cordevole,  Italian  Tyrol).  Here  it  is  so  conspicuous  that  the  rock 
at  a  short  distance  might  be  readily  mistaken  for  a  decomposing 
basalt.  Instances  of  it  can  also  be  found  in  the  agglomeratic  ash 
of  the  Binns,  Burntisland  (Fife).  The  annexed  diagram  (fig.  10) 
will  show  that  here  the  structure  is  wholly  independent  of  the  form 
of  the  rock.  Sometimes  also  it  occurs  where  a  distinct  stratification 
may  be  observed,  through  the  planes  of  which  it  cuts. 

Again,  perliticj  obsidian  and  pitohstone  is  a  true  case  of  sphe- 

*  GeoL  Mag.  yol.  viii.  p.  333.        t  Manual  of  Geology,  p.  311  (ed.  Geikie). 

|  I  distinguish,  of  course,  perlitic  from  gphamuitic  structure.  The  best  spe- 
cimens which  have  come  under  my  own  notice  hare  been  from  Hungary :  for 
the  opportunity  of  examining  a  very  interesting  example  I  am  indebted  to  Mr. 
Judd  s  kindness. 
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roidal  structure,  though  on  a  minute  scale ;  and  here  examination 
of  the  rocks,  both  macroscopic  and  microscopic,  proves  that  the 
structure  is  in  no  way  connected  with  previously  formed  cubes,  or 
capable  of  being  explained  by  simple  exfoliation  during  decompo- 
sition. But  the  following  instances  of  its  occurrence  will,  I  think, 
show  that  no  theory  of  mere  decomposition  is  adequate  to  explain 
the  facts. 

The  annexed  diagram  (fig.  11)  is  taken  from  a  large  spheroid  ex- 
Fig.  10. — Spheroidal  structure  in  Fig.  11. — Spheroid  in  Basalt 
Agglomerate  (Burntisland).  near  Murat 


hibited  in  a  mass  of  basalt  by  the  roadside  on  the  way  from  Murat 
to  the  bridge  over  the  Alagnon  (Auvergne).  A  glance  at  it  will, 
I  think,  show  that  the  curious  prolongation  of  the  outer  layer  is 
impossible  to  explain  on  any  principle  of  weathering.  I  may  add 
that  this  occurrence  of  an  isolated  spheroid  or  small  group  of  sphe- 
roids in  a  mass  which  generally  does  not  show  the  structure  is  by 
no  means  rare. 

But  I  can  produce  yet  stronger  cases.  A  few  kilometres  from  Le 
Puy  on  the  Route  de  Brioude,  close  to  where  a  road  turns  off  to 
Polignac,  is  a  mass  of  columnar  basalt  rather  decomposed,  part  of 
which  exhibits  very  well  the  spheroidal  structure.  Here  spheroids 
may  be  seen,  one  above  another,  enclosed  three  or  four  at  a  time  in 
a  columnar  shell  without  any  dividing  cross  joints,  so  that  they  are 
just  like  Dutch  cheeses  packed  in  hexagonal  cases  (the  interstices 
being  filled  up).  The  lid  of  the  box  has  more  or  less  fallen  away, 
and  exposed  the  contained  spheroids  (See  fig.  12). 

Again,  a  mass  of  trachyte,  intrusive  in  trachytic  ash,  by  the  road- 
side on  the  flank  of  the  Puy  Gros  (near  the  Itoche  Sanadoire  men- 
tioned above)  showed  structures  bearing  on  this  as  well  as  other 
points  of  interest.  The  surface  in  contact  with  underlying  tuff 
exhibited  a  platy  structure  for  about  three  inches ;  then  came  a 
layer  rudely  spheroidal ;  above  that  were  some  irregularly  vertical 
joints ;  two  of  these  curved  in  opposite  directions  so  as  to  enclose  a 
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lenticular  space.  In  this,  two  internal  spheroids  were  exposed  by 
the  exfoliation  of  the  face,  which  were  not  connected  with  any  cross 
joints.  In  the  adjoining  mass  four  large,  rude  and  very  irregular 
spheroids  were  shown  (the  bounding  surfaces  being  incomplete  or 
with  more  than  one  centre).  Similar  instances  of  spheroids  discon- 
nected from  the  main  joints  may  be  seen  in  a  quarry  called  Turner's 
Pit  in  the  Rowley-Regis  basalt,  where  also,  in  some  cases,  the  nuclei 
of  the  spheroids  are  further  subdivided,  so  that  imperfect  spheroids 
are  enclosed  by  a  spheroidal  shell,  like  the  twin  kernels  of  a  nut  (fig. 
13).    It  is  therefore  clear  that,  though  the  spheroids  often  do  oorre- 

Fig.  12. — Spheroids  in  an  tin-        Fig.  13. — Complicated  spheroidal 
jointed  column  near  Le  Puy.  structure  (Rowley-Regis  basalt). 


spond  with  the  spaces  between  cross  joints  in  the  column,  there  is  no 
necessary  connexion ;  both  maybe  due  to  a  somewhat  similar  cause; 
but  the  spheroid  can  exist  without  the  cross  joint,  and  vice  versd. 

Is  it,  then,  possible  to  find  any  one  cause  which  will  explain  these 
various  divisional  structures  from  the  fissile  to  the  spheroidal  ?  I 
think  that  which  has  already  been  suggested  (I  may  say  proved) 
for  some  of  them,  viz.  the  contraction  of  a  cooling  mass,  is  capable 
of  explaining  all.  Mr.  Mallet  has  shown  that  if  a  mass  of  molten 
rock  be  cooling  uniformly  from  a  surface,  it  will,  in  consequence  of 
the  mathematical  principle  of  least  action,  break  into  hexagonal 
prisms  at  right  angles  to  the  surface  of  cooling.  By  the  same 
principle,  if  a  cube  were  contracting  in  consequence  of  a  uniform 
loss  of  heat  from  each  of  its  sides,  it  would  be  more  likely  to  rupture 
internally  (supposing  that  the  solidification  of  the  exterior  prevented 
diminution  of  volume)  in  spheroidal  shells ;  for  the  more  rapid  loss 
of  heat  from  the  angles  would  tend  to  bring  the  isothermal  surfaces 
within  into  a  rudely  spherical  form;  and  then,  when  the  strain 
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caused  shells  to  be  formed,  they  would  be  spherical,  because  the 
sphere  is,  for  an  equal  volume,  the  figure  of  least  area,  and  there- 
fore of  least  resistance ;  and  as  its  surface  is  at  every  point  at  right 
angles  to  the  radius,  there  is  no  tangential  component  to  the  central 
force,  and  thus  the  whole  of  it  is  effective  in  rupturing.  Thus  a 
hexagon  is  the  figure  which  will  result  from  uniform  contraction  in 
two  dimensions,  a  sphere  from  contraction  in  three  dimensions. 

But  now,  supposing  that  the  contraction  is  mainly  in  one  dimen- 
sion, or,  to  put  it  otherwise,  suppose  that  all  the  points  lying  in  one 
surface  in  a  body  are  in  a  state  of  uniform  strain  in  one  direction, 
naturally  there  would  be  a  tendency  to  rupture  along  a  surface  at 
right  angles  to  the  strain.  Suppose,  for  example,  a  number  of  tiles 
placed  on  a  floor  were  subjected  to  strains  perpendicular  to  the  floor, 
they  would  naturally  split  parallel  to  it.  Something  analogous  to 
this  happens  in  the  cooling  of  an  igneous  mass,  where  heat  is  lost 
from  a  surface  (suppose  the  upper).  The  strains  in  a  horizontal 
direction,  due  to  contraction,  are  at  once  eased  by  the  formation  of 
joints,  more  or  less  regular ;  but  if  the  loss  of  heat  from  the  surface 
be  rather  rapid,  there  will  be  a  strong  normal  strain,  which  will  not 
be  relieved  thus,  and  so  slabs  or  tabulae  will  be  broken  off  by  a  kind 
of  exfoliation ;  and  the  more  the  adjacent  particles  in  a  straight  line 
normal  to  the  cooling  surface  differ  in  temperature,  as  will  be  the 
case  in  rapid  cooling,  the  more  frequent  will  these  cross  joints  be. 
Thus  the  mass  near  the  surface  is  generally  platy  or  tabular. 

The  matter  may  be  expressed,  perhaps,  rather  more  simply  in 
another  way.  Suppose  a  body  contracting  uniformly  towards  a 
point  within  it,  and  its  particles  incapable  of  differential  motion  ; 
then  if  rupture  takes  place,  a  series  of  spherical  shells,  concentric 
with  this  point,  will  be  formed.  Suppose  now  (the  law  remaining 
the  same)  this  point  be  in  the  surface  of  the  body ;  then  it  will 
break  in  concentric  hemispherical  shells.  Suppose  the  point  towards 
which  contraction  takes  place  be  outside,  still  the  body  will  break 
into  segments  of  large  concentric  spheres  whose  curvature  will 
become  less  and  less  as  the  point  becomes  more  remote,  the  limit 
being,  of  course,  a  plane  when  the  distance  of  the  point  is  infinite. 
Bead,  for  a  force  causing  contraction  to  a  point,  loss  of  heat  from  a 
surface  causing  contraction,  and  the  case  remains  the  same.  When 
heat  was  lost  with  tolerable  uniformity  throughout  any  part  of  the 
mass,  spheroids  both  large  and  small  would  be  formed ;  when  it  was 
lost  from  a  more  or  less  plane  surface,  but  from  certain  points  on  it 
more  than  others  (which  is  equivalent  to  what  would  happen  when 
cooling  had  advanced  a  little  distance  within  a  lava-stream,  owing 
to  either  superficial  irregularities  or  surface-fissures),  curved  cross 
joints  and  curvitabular  joints  would  be  formed ;  and  when  cooling 
was  taking  place  uniformly  from  all  the  points  of  a  plane  surface, 
then  platy  or  tabular  forms  would  result.  It  must  also  be  remem- 
bered that  the  form  of  the  exterior  surface  would  greatly  modify 
these  results;  for,  speaking  generally,  all  points  of  equal  tension 
would  lie  in  surfaces  parallel  to  the  exterior  one,  whatever  it  might 
be.     Still,  the  principle  of  least  action  would  cause  a  certain  sym- 
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metiy  in  the  surface  of  rupture ;  and  thus  surfaces  of  revolution 
(such  as  spheroids,  hyperboloids,  &c.)  would  he  generally  produced. 

There  is  thus  a  certain  relation  between  the  spheroids,  the  curved 
horizontal  joints,  and  the  great  curving  cross  joints,  such  as  are  seen 
at  the  Roche  Tuilliere.  Hence  the  fissile  structure  so  well  exhibited 
both  here  and  at  the  Roche  Sanadoire  is  not  a  cleavage  structure  in 
the  ordinary  *  sense  of  the  word ;  for  it  is  the  result  of  force  acting 
in  exactly  the  opposite  direction,  being  the  result  of  tension ;  whilst 
cleavage  is  due  to  compression — somewhat  similar  results  being 
thus  produced  by  forces  with  changed  algebraic  signs. 

I  consider  the  cup-and-ball  joint  structure  a  special  case  of  the 
spheroidal ;  and  the  only  point  on  which  I  feel  some  doubt  is  whether 
one  should  regard  the  division  as  beginning  at  the  centre  or  at  the 
exterior,  or  as  to  some  extent  independent, — namely,  whether  as  a 
column  cools  tolerably  uniformly,  it  tends  by  symmetry  to  divide  into 
approximately  equal  lengths,  and  so  spheroids  are  formed  in  the  more 
plastic  though  warmer  parts  (the  exterior  shell  being  a  little  more 
rapidly  chilled),  and  whether  the  cracks  thus  formed  between  two 
adjacent  spheroids  are  continued  toward  the  exterior,  which  then, 
being  in  a  state  of  strain,  is  cracked  horizontally  at  these  points  of 
weakness ;  or  whether  the  exterior,  cracking  first,  caused  a  line  of 
weakness,  which  determined  the  commencement  of  a  spheroid  in  the 
inner  parts ;  or,  as  a  third  possibility,  whether  the  two  divisional 
surfaces  are  to  some  extent  independent — the  spheroids  forming 
within  in  the  more  plastic  part  of  the  column,  the  cracks  opening 
from  without  to  the  more  solidified  part,  and  the  two  surfaces  of 
division  running  together  at  last  so  as  to  complete  the  separation. 

Some  independence  in  these  surfaces  of  division  seems  to  be  indi- 
cated by  the  occurrence  of  distinctly  formed  spheroids  in  an  unbroken 
column,  and  by  the  fact  that  the  spheroids  are  occasionally  again 
subdivided  into  segments  which  to  some  extent  continue  the  same 
structure,  two  or  even  more  of  these  being  enclosed  in  a  more 
regular  spheroidal  shell  (see  fig.  13).  This  independence,  too, 
would  explain  the  fact  that  the  ends  of  columns  pointing  in  the  same 
direction  show  sometimes  cups  and  sometimes  balls.  It  is  quite  true 
that  the  divisional  curves,  if  due  to  strain  from  contraction,  should 
be  concave  to  the  surface  of  cooling,  as  Mr.  Mallet  has  proved  (and 
this,  I  have  little  doubt,  is  the  case  in  the  cuivi tabular  structure)  ; 
but,  as  Mr.  Scrope  objects,  and  as  my  own  experience  has  shown 
•  me,  in  the  case  of  cup-and-ball  structure  in  columns  there  is  great 
uncertainty,  adjacent  columns  showing  at  top,  one  a  cup,  the  other  a 
ball.  If,  however,  the  two  fissures  were  formed  to  some  extent  inde- 
pendently (the  curved  one  beginning  at  the  interior,  the  plane  one 
at  the  exterior),  this  would  be  likely  to  happen,  though  still  the  one 
or  the  other  structure  might  predominate  :  the  outside  cracks  would 

*  That  it  cannot  be  a  true  cleavage  is  shown  (1)  by  the  extreme  improbability 
of  this  being  produced  in  rocks  which  are  not  likely  to  have  been  subjected  to 
great  earth-movements  and  must  have  always  been  of  rather  a  superficial  cha- 
racter, and  (2),  in  the  cases  quoted,  by  the  impossibility  of  explaining  the  ar- 
rangement of  the  dnisional  planes  on  any  theory  of  cleavage. 
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generally  form  at  the  points  where  the  spheroid's  surface  was  nearest 
to  the  outside  of  the  column,  because  the  shell  would  be  rather 
weaker  there. 

The  independence  of  the  structures  is  to  some  extent  confirmed  by 
the  fact  that  a  thin  plane  lamina  of  rock  sometimes  exists  between 
two  spheroids  in  a  column. 

All  the  divisional  structures,  therefore,  which  can  be  observed  in 
igneous  rocks  are,  if  the  above  considerations  be  admitted,  to  be  re- 
ferred to  one  and  the  same  cause,  viz.  contraction  of  the  mass  while 
cooling.  It  is  not,  of  course,  denied  that  in  some  cases  effects  may 
have  been  produced  by  subsequent  chemical  or  mechanical  action  (as 
the  true  cleavage  in  certain  of  the  Welsh  felstones)  ;  but  it  is  con- 
tended that  those  above  described  are  all  the  result  of  one  and  the 
same  cause. 

Discussion. 

Prof.  Ramsay  inquired  whether  Mr.  Bonney  had  observed  the  cup- 
and-ball  structure  in  narrow  dykes  at  right  angles  to  the  planes  of 
cooling. 

Mr.  Koch  stated  that  he  had  tried  many  experiments  bearing  on 
the  subject  of  prismatic  and  spheroidal  structure.  Slag  at  1500°  C, 
when  suffered  to  run  into  water,  has  a  perfectly  smooth  surface,  and 
exhibits  distinct  prismatic  structure.  Fragments  of  ironstone  placed 
on  the  sole  of  a  furnace  cracked  off  in  shells,  leaving  spheres ;  and 
quartzitc  under  similar  circumstances  flaked  off  in  the  same  way. 

Mr.  Jubd  noticed  the  interesting  bearing  of  the  numerous  facts 
described  in  this  paper  on  the  theories  concerning  the  production  of 
columnar  structures  propounded  by  Prof.  James  Thomson  and  Mr. 
Robert  Mallet.  He,  however,  deprecated  the  introduction  by  the 
author  of  the  question  of  the  fissile  structure  of  phonolites  (which 
microscopic  examination  proved  to  be  the  result  of  peculiarities  in 
the  arrangement  of  the  crystalline  constituents  of  the  rock)  as 
having  any  relation  to  the  structures  resulting  from  contraction. 

Mr.  Rutlkt  stated  that  one  of  the  felstone  dykes  in  the  Lake- 
district  showed  spurious  cleavage  in  the  direction  of  the  dyke. 

Mr.  Murphy  remarked  that  as  the  cooling  commenced  at  the 
surface,  the  percolation  of  water  between  the  first  formed  columns 
would  aid  in  the  production  of  the  columnar  structure  lower  down. 

The  Author,  in  reply  to  Mr.  Judd,  said  that  he  did  not  regret 
having  introduced  the  Auvergne  phonolites  into  his  paper,  for  he  was 
convinced  that  their  structure  could  not  be  explained  by  pressure ; 
he  considered  that]  the  intricacy  of  tho  arrangement  shown  by  his 
diagrams  negatived  the  supposition.  Separation  of  the  minerals,  as 
described  by  Mr.  Judd,  would  not  necessarily  be  fatal  to  his  theory ; 
but  in  the  case  of  the  Roche  Sanadoire,  he  had  examined  a  section 
to  see  if  it  existed,  and  had  not  found  it. 
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19.  On  Hit  so-called  "  Greenstones  "  of  Western  Cornwall. 
By  J.  Arthur  Phillips,  Eso.,  F.G.S.  &c.    (Read  February  23, 1876.) 

In  a  paper  which  I  had  the  honour  of  reading  before  this  Society  in 
March  1874, 1  described  and  gave  analyses  of  two  varieties  of 
Cornish  Greenstone,  both  of  which  were  characterized  as  being  pro- 
bably altered  hornblendic  slates.  In  the  present  communication  it 
is  my  intention  to  give  the  results  of  a  chemical  and  microscopical 
examination  of  some  of  the  more  important  of  the  so-called  Green- 
stones of  West  Cornwall,  reserving  for  a  future  occasion  an  account 
of  those  found  east  of  the  parish  of  St.  Stephens. 

Penzance  District. — The  most  extensive  group  of  these  rocks  is 
probably  that  situated  on  the  margin  of  Mount's  Bay,  in  the  vicinity 
of  Penzance,  and  extending,  with  comparatively  little  interrup- 
tion, from  Penlee  Point,  about  two  and  a  half  miles  south-west  of 
that  town,  to  a  mile  east  of  the  village  of  Gulval.  From  the  latter 
locality  to  Marazion  there  does  not  appear  to  be  any  extensive  ex- 
posure of  rocks  of  this  class,  but  they  again  make  their  appearance 
in  considerable  masses  in  the  sea-cliff  extending  eastward  from 
Marazion  to  Cuddan  Point. 

This  district  may  be  regarded  as  being  to  a  certain  extent  classic 
ground,  since  the  rocks  which  now  occupy  our  attention  have  fre- 
quently been  the  subject  of  the  investigations  and  speculations  of 
the  earlier  geologists. 

In  a  paper  read  by  Prof.  Sedgwick  before  the  Cambridge  Philoso- 
phical Society,  March  20th,  1820,  he  says : — "  In  the  cliffe  between 
Penzance  and  Mousehole,  we  found  the  ordinary  varieties  of  clay- 
slate,  much  intersected  by  contemporaneous  veins  of  quartz.  These 
rocks  were  succeeded  by,  and  alternated  with,  beds  of  compact  fel- 
spar, greenstone,  hornblende  rock,  and  the  purple  schist  before 
mentioned,  all  resting  conformably,  and,  on  the  great  scale,  exhibit- 
ing a  slaty  texture,  although  many  of  the  hand  specimens  derived 
from  them  broke  into  irregular  fragments  "*. 

Dr.  J.  Forbes,  who  wrote  about  the  year  1822,  remarks,  with 
regard  to  what  he  calls  the  "  slate  formation  "  of  Cornwall : — 
"This  formation  is  much  more  complicated  than  the  last  (the 
granite),  and  affords  much  greater  scope  for  geological  research. 
It  comprehends,  as  far  as  I  have  been  able  to  ascertain,  five  distinct 
rocks.  These  are  clay-slate,  hornblende  rock,  greenstone,  compact 
felspar,  and  slaty  felspar.  The  three  first  of  these  are  so  well 
known,  have  such  distinctive  characters,  and  are  of  such  general  oc- 
currence, that  we  are  not  very  likely  to  be  mistaken  in  discriminating 
and  giving  them  their  proper  appellation.  Of  the  correctness  of  appli- 
cation of  the  two  last  terms  I  am  less  certain.     From  the  peculiarity 

*  "  On  the  Physical  Structure  of  those  Formations  which  are  immediately 
associated  with  toe  Primitire  Ridge  of  Deron shire  and  Cornwall/'  by  the  Rot. 
Adam  Sedgwick,  M.A.,  M.G.S.  (Trans.  Cambridge  Phil.  Soc.  rol  i.  p.  134). 
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of  their  characters,  and  their  distinct  nature,  however,  I  am  sure 
that,  whether  rightly  named  or  not,  they  are  as  well  entitled  to 
appropriate  appellations  as  any  rocks  can  he. 

"  By  felspar  rock  I  mean  a  rock  of  small  granular  structure,  con- 
sisting, apparently,  principally  or  almost  wholly  of  felspar.  By 
slaty  felspar  I  mean  a  rock  apparently  of  the  same  composition,  or 
only  with  the  addition  of  a  very  small  portion  of  mica,  with  a  dis- 
tinct slaty  fracture. 

"  These  five  rocks,  constituting  the  assemblage  to  which  I  have 
given  the  name  of  the  slate  formation,  occur  in  beds  of  various 
magnitude,  alternating  with  each  other ;  but,  with  one  very  small 
exception,  I  have  uniformly  found  the  slaty  felspar  rock  in  imme- 
diate contact  with  the  granite ;  and  I  think  it  not  improbable  that, 
in  proportion  as  we  recede  from  this  central  rock,  we  shall  find  the 
slaty  felspar  become  less  frequent,  and  be  finally  superseded  by 
some  of  the  varieties  of  clay-slate"*. 

Dr.  Forbes  subsequently  goes  on  to  say  that,  in  tracing  the  shore- 
line from  Mousehole  to  Newlyn,  nineteen  different  beds  may  be 
distinguished ;  and  he  remarks  that,  in  advancing  from  Newlyn  to 
Penzance,  the  rocks  consist  of  a  series  of  hornblendic  beds  of  a  more 
or  less  slaty  character,  together  with  slaty  rocks  intermediate  be- 
tween felsite  and  hornblende  slate.  He  describes  the  rocks  imme- 
diately south  of  Penzance  pier  as  being  precisely  similar  to  the 
others,  excepting  that  the  hornblendic  varieties  have  more  decidedly 
the  character  of  greenstone,  and  that  the  slaty  rooks  approximate 
more  closely  to  clay-slates.  Of  this  locality  he  further  remarks,  that 
several  of  the  beds  are  decided  and  well-characterized  clay-slates. 

The  rocks  extending  from  the  pier  to  Chyandour  are  stated  to  be 
similar  to  those  between  Newlyn  and  Penzance;  but  their  dip, 
direction,  and  succession  are  described  as  being  somewhat  less  dis- 
tinct. The  same  author  calls  attention  to  a  greater  irregularity  in 
the  direction  and  inclination  of  the  strata  between  Marazion  and 
Cuddan  Point. 

With  the  view  of  ascertaining  the  correct  names  of  some  of  the  prin- 
cipal Cornish  rocks,  Mr.  John  Hawkins  forwarded,  in  1703,  a  care- 
fully selected  collection  of  specimens  to  Prof.  Werner,  and  during  the 
autumn  of  the  same  year  received  the  decision  of  that  then  eminent 
petrologist.  Mr.  Hawkins  tells  us,  "  no  doubt  was  expressed  of  the 
nature  of  our  metalliferous  rock,  the  killas"  It  was  pronounced  to 
be  a  genuine  Thontchiefer,  or  argillaceous  slate,  in  no  respect  differ- 
ing from  that  which  occurs  in  Saxony Those  taken  from  the 

neighbourhood  of  Penzance  were,  after  a  rigid  scrutiny,  pronounced 
to  be  hornblende-rock,  intimately  mixed  with  the  constituent  mass 
of  argillaceous  slate,  and  in  part  genuine  hornblende-slate  "t. 

Writing  in  1827,  Messrs.  Von  Oeynhausen  and  Von  Deohen 
remark,   "the  Killas  (of  Cornwall)  is,  at  its   contact  with  the 

nvLL°2  th?  J?601**?  of  the  Land's  End  District,"  by  John  Forbes,  M.D. 

WwS^i?*^  8odety  of  Cornwall,  yoI.  ii.  (1822)  p.  261). 
PBS ^-vZl  Nomenclature  of  the  Oomish  Rocks,'  by  John  Hawkins,  Km., 
* •»•*.  (Trans.  Royal  Geol.  Society  of  Cornwall,  vol.  ii.  ( 1822)  p.  1 55).        ^ 
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granite,  rather  hornblende-slate  and  greenstone  than  clay-slate ;  in 
the  Lizard  district  we  have  seen  the  greenstone  intimately  mixed 
with  granite,  both  occurring  in  the  same  vein.  The  transition  from 
clay-slate  into  hornblende-slate  and  greenstone  is  commonly  so 
gradual  that  we  have  not  been  able  to  trace  anywhere  a  line  of 
junction  between  both  rocks  "*. 

Dr.  Boase,  in  his  'Geology  of  Cornwall,'  observes,  that  "the 
compact  and  schistose  greenstones  repeatedly  pass  into  each  other,  so 
that  in  traversing  them  from  the  granite  they  appear  to  alternate ; 
but  this  does  not  hold  good  to  any  extent  in  the  length  of  their  beds, 
as  may  be  seen  on  the  shores  of  Mount's  Bay,  where  the  massive 
rocks  are  insulated  in  the  body  of  the  slate  "  f. 

The  same  author,  in  his  '  Primary  Geology,'  makes  the  following 
observations: — "The  most  abundant  species  of  aotynolite  rock  is 
hard  and  compact,  known  provincially  by  the  names  of  blue-stone  or 
blue  elvan.  This  variety  is  accompanied  by,  and  gradually  passes  into 
blue  slate,  which  is  fissile  in  various  degrees,  and  may  also  be  easily 
separated  into  small  rhomboidal  pieces.  The  massive  kind  occurs 
in  elevated  ridges  on  the  coast,  and  is  very  durable,  whilst  the  slate 
is  decayed  to  a  considerable  depth,  still  retaining  its  form,  but  pro- 
gressively diminishing  in  tenacity  from  the  perfect  rock  to  the  sur- 
face "J.  He  further  states  that  each  of  the  schistose  rocks  of  this 
district,  but  particularly  the  "  greenstone,"  passes  into  thick  lamellar 
slates,  which  exhibit  various  shades  of  blue  and  green. 

These  rocks,  as  well  as  all  the  others  forming  the  subject  of  this 
investigation,  are  laid  down  on  the  Map  of  the  Geological  Survey  as 
"  greenstones ; "  and  this  classification  appears  to  have  been  gene- 
rally accepted.  In  1867,  however,  Mr.  David  Forbes,  F.R.S., 
writing  in  the  '  Geological  Magazine,'  makes  the  following  observa- 
tions : — "  The  writer  of  these  remarks,  finding,  from  an  examination 
of  the  sheets  of  the  Geological  Survey,  that  large  masses  of  green- 
stone were  represented  as  occurring  in  Cornwall,  near  Penzance, 
and  at  the  Botallack  Mines,  immediately  imagined  that  he  would 
there  find  the  same  relations  of  this  greenstone  to  the  metallic 
lodes  occurring  as  he  had  found  to  be  the  case  in  South  and  North 
America,  Spain,  Norway,  Sweden,  &c.,  and  made  a  journey  expressly 
for  this  examination ;  on  arrival  he  at  once  found  that  the  rocks 
had  evidently  been  metamorphosed  in  situ ;  and  they  no  doubt  ori- 
ginally had  only  been  the  ordinary  sedimentary  clay-slates.  Had 
he  now  been  content  with  the  decision  of  the  Geological  Survey,  that 
the  rocks  in  question  really  were  greenstones,  then  he  must  at  once 
have  come  to  the  conclusion  that  greenstones  could  be  formed  by  the 
alteration  of  clay-slates  in  situ.  It  did  not,  however,  require  a  long 
examination  to  prove  that  the  rocks  were  neither  petrologically, 

*  Messrs.  Von  Oeynhausen  and  Von  Dechen  "  On  the  Junction  of  the  Granite 
and  the  Kills*  Rocks  in  Cornwall"  (Phil.  Mag.  vol  v.  p.  246.  London,  1829). 

t  •  Contributions  towards  a  Knowledge  of  the  Geology  of  Cornwall/  by 
Henry  8.  Boase,  M.D.,  p.  235.    Penzance,  1832. 

}  •  A  Treatise  on  Primary  Geology/  by  Henry  8.  Boase,  M.D.,  p.  44.  Lon- 
don, 1834. 
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mineralogically,  or  chemically  greenstones,  or  even  any  allied  rock, 
being  nothing  more  than  clay-slates  altered  in  situ,  and  possessing 
none  of  the  properties  of  greenstones  beyond  the  greenish  tinge 
which  coloured  them"*. 

Still  more  recently  (1872)  the  Rev.  W.  S.  Symonds,  F.G.S.,  says 
that  at  Penzance  the  slates  are  traversed  by  greenstones  and  fel- 
stones,  which  occur  again  at  Newlyn,  but  that  what  these  rocks 
are  it  is  difficult  to  determine ;  he  is,  however,  decided  in  his  state- 
ment that  there  are  numerous  interbedded  traps  or  elvans  every- 
where associated  with  these  rocks  f. 

Having  in  view  the  differences  of  opinion  which  have  at  various 
times  been  entertained  with  regard  to  these  rocks,  I  have  endea- 
voured, by  the  aid  of  chemical  analysis,  and  by  an  examination  of 
thin  sections,  to  obtain  such  data  as  may  be  necessary  for  their 
more  correct  classification,  as  well  as  for  the  approximate  determi- 
nation of  the  nature  of  the  different  changes  they  may  have  severally 
undergone.  The  various  specimens  submitted  to  examination  were 
selected  during  repeated  visits  to  the  locality ;  and  on  one  of  these 
occasions  1  had  the  advantage  of  being  accompanied  by  Mr.  S. 
Allport,  who,  I  am  pleased  to  learn,  purposes  laying  before  this 
Society  the  results  of  a  careful  microscopical  examination  of  the 
rocks  of  the  Penzance  district. 

Their  position  around  the  shores  of  Mount's  Bay  will  be  under- 
stood by  reference  to  Sheet  xxxiii.  of  the  Government  Geological 
Map.  In  the  neighbourhood  of  Penzance  these  rocks,  at  first  sight, 
appear  to  consist  of  a  series  of  fissile  greenish  slates  dipping  from 
the  granite,  and  consequently  in  directions  varying  from  south-east 
to  nearly  south.  A  closer  examination,  however,  reveals  the  fact, 
not  only  that  some  have  a  much  less  slaty  structure  than  others,  but 
also  that  many  of  them  form  compact  crystalline  beds  J,  in  which 
no  distinct  trace  of  lamination  can  be  detected ;  from  these  hard 
rocks,  which  sometimes,  as  at  Tolcarn,  project  boldly  above  the  sur- 
face, the  beds  appear  to  graduate  through  different  varieties  of  horn- 
blendic  slate  until  they  become  ordinary  killas.  In  the  rocks  ex- 
posed along  the  sea-shore  these  alternations  have  sometimes  the 
appearance  of  being  very  gradual ;  but  where  they  have  been  opened 
upon  by  quarrying,  as  on  the  left  of  the  road  at  Tolcarn,  nearly 
opposite  St.  Peter's  church,  the  divisions  are  more  distinctly 
marked.  In  this  locality  an  ordinary  grey  killas  overlies  a  band, 
some  4  feet  in  thickness,  of  a  fine-grained  slightly  lamellar  rock, 
somewhat  resembling  certain  varieties  of  basalt,  which  is  again 
succeeded  by  a  tougher  and  more  distinctly  crystalline  mass.  As 
there  is  no  exposure  across  this  latter  band,  its  width  cannot  be 
accurately  determined ;  but  it  probably  does  not  exceed  20  yards. 
On  the  opposite  side  of  the  valley  it  projects  above  the  surface  of 

*  "  On  the  Alleged  Hydrothermal  Origin  of  certain  Granites  and  Metamor- 
phic  Bocks,"  by  David  Forbes,  F.R.S.  (Geological  Mag.  vol.  iv.  p.  57). 

t  *  Records  of  the  Rocks,'  bv  the  Rev.  W.  S.  Symonds,  F.G.S.,  Rector  of 
Pendock,  p.  297.    London,  1872. 

Some  of  these  '•  beds  "  are  probably  intrusive. 
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the  ground  to  a  height  of  several  feet,  and  is  traversed  in  all  direc- 
tions by  narrow  veins  having  a  similar  composition ;  they  are,  how- 
ever, harder,  and  consequently  the  weathering  of  the  matrix  has 
caused  them  to  stand  out  in  considerable  relief.  Below  this  outcrop, 
and  a  few  feet  north-west  of  the  foundations  of  the  new  vicarage, 
some  fresh  specimens  of  a  highly  crystalline  rock  were  obtained. 

This,  which  is  doubtless  the  "  greenstone  "  of  Dr.  Forbes,  has  the 
usual  greenish  colour,  is  crystalline,  and  appears,  in  ordinary  hand 
specimens,  to  consist  of  an  intimate  mixture  of  a  dark-coloured 
mineral  with  a  considerably  less  amount  of  crystalline  felspar ;  in 
other  localities  crystals  of  felspar  predominate. 

Although  there  is  an  almost  continuous  exposure  of  slates  for  a 
considerable  distance  in  a  lane  immediately  east  of  the  Tolcarn  out- 
crop, no  distinctly  crystalline  rocks  are  visible ;  and  it  consequently 
becomes  probable  that  they  do  not  here  extend  many  yards  in  that 
direction,  since  the  road  runs  nearly  at  right  angles  to  their  usual 
line  of  strike. 

When  thin  sections  of  these  rocks  are  examined  under  the  micro- 
scope, they  are  generally  found  to  have  experienced  much  alteration ; 
but  the  extent  of  the  change  which  they  have  undergone  is  far  more 
considerable  in  some  cases  than  in  others ;  and  the  nature  of  this 
alteration  varies  as  well  as  its  degree. 

Those  which  have  undergone  the  least  amount  of  metamorphism 
are  composed  of  crystalline  felspar,  augite,  or  diallage,  magnetite, 
titanic  iron  *,  and  occasional  specks  of  pyrites,  with  a  little  apatite ; 
they  also  occasionally  contain  flakes  of  brown  mica,  and,  as  products 
of  alteration,  viridite  and  hornblende.  The  more  altered  rocks, 
on  the  other  hand,  consist  of  a  colourless  semitransparent  base, 
through  which  hornblende  and  viridite  are  thickly  disseminated. 
In  this  are  enclosed  green  pseudomorphs  after  augite,  shadowy  out- 
lines of  felspar  crystals  rendered  to  a  considerable  extent  opaque 
by  flocculent  secondary  formations,  crystals  of  magnetite,  and  pseudo- 
morphs after  that  mineral.  Some  specimens  also  enclose  crystalline 
grains  or  granular  patches  of  quartz.  It  will  thus  be  observed 
that  the  ultimate  result  of  metamorphism  has  been  the  removal  of 
almost  all  the  original  minerals,  and  their  replacement  by  others, 
which  nevertheless  frequently  admit  of  the  forms  of  the  primary 
constituents  being  distinguished. 

It  has  been  before  stated  that  the  nature  of  the  successive  changes 
which  have  taken  place  varies  in  different  localities.    Thus  in  the 

*  A  large  proportion  of  the  enclosed  black  opaque  mineral  appears  to  have 
the  form  of  magnetite ;  but  it  also  occurs  imperfectly  crystallized,  and  as  irre- 
gular disseminated  grains,  &c.  In  order,  therefore,  to  ascertain  whether  titano- 
ferrite  is  likewise  present,  a  small  quantity  of  black  sand  was  separated  by  a 
careful  washing  of  a  considerable  amount  of  pulverized  rock,  and  the  ferru- 
ginous residue  subsequently  examined  for  titanic  oxide.  In  this  way  the  pre- 
sence of  that  substance  was  clearly  established ;  but  as  the  quantity  is  small,  and 
the  exact  proportion  in  which  it  occurs  is  of  little  importance  to  this  investiga- 
tion, its  presence  has  been  neglected  in  the  analyses ;  it  is,  however,  probable 
that  the  magnetite  in  these  rocks  is  generally  titaniferous. 

Q.J.G.S.  No.  126.  m 
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rook  projecting  above  the  surface  on  the  eastern  side  of  the  valley 
of  Tolcarn  the  majority  of  the  large  crystals  of  felspar  are  tolerably 
perfect,  and,  when  seen  in  polarized  light,  exhibit  very  distinctly 
the  coloured  striae  usually  considered  to  be  characteristic  of  plagio- 
clase ;  on  the  other  hand,  the  augite  has  been  entirely  replaced 
either  by  hornblende  or  viridite,  while  magnetite  and  apatite  remain 
unchanged.  The  material  constituting  the  numerous  veins  by 
which  this  rock  is  traversed  is  exactly  similar  to  that  forming  the 
matrix,  excepting  that  it  contains  a  little  more  green  hornblende. 

The  augite,  in  specimens  broken  from  the  rock  near  the  north- 
western foundations  of  the  new  parsonage,  is,  on  the  contrary,  but 
slightly  altered,  while  the  felspar  is  much  decomposed,  the  crystals 
of  this  mineral  having  frequently  become  almost  merged  in  a 
colourless  slightly  opaque  base,  in  which  the  form  of  the  original 
felspar  crystals  may  still  be  traced.  The  rock  from  this  locality 
contains,  disseminated  through  it,  a  considerable  amount  of  brown 
hornblende,  viridite,  magnetite,  a  little  mica,  and  apatite,  with 
felspar,  and  pseudomorphs  after  felspar  interpenetrated  by  green 
belonites. 

The  compact  greenstone  exposed  in  a  quarry  on  the  opposite  side 
of  the  road  has  been  subjected  to  a  much  larger  amount  of  alteration 
than  either  of  the  foregoing ;  there  are,  however,  to  be  observed 
outlines  of  felspar  crystals,  some  portions  of  which  •  exhibit  striae 
when  seen  in  polarized  light ;  and  pseudomorphs  after  augite  are 
tolerably  distinct.  The  apatite  is  unchanged ;  but  many  crystals  of 
magnetite  have  been,  to  a  great  extent,  replaced  by  a  grey  siliceous 
mineral*. 

The  somewhat  slaty  rock  which  comes  in  immediate  contact  with 
the  above  consists  of  a  translucent  cloudy  base,  through  which 
hornblende  and  magnetite  are  thickly  disseminated,  together  with  a 
little  apatite.  Although  its  original  structure  is,  to  a  very  great 
extent,  obliterated,  faintly  delineated  outlines  both  of  augite  and 
felspar  can  be  detected. 

At  Battery  Point  there  is  a  rock  mainly  consisting  of  tolerably 

*  In  the  first  specimen  in  which  these  pseudomorphs  were  observed  the  whole 
of  the  magnetite  had  been  replaced.  1  was  therefore  at  a  loss  to  determine 
the  nature  of  the  original  crystals,  and  submitted  a  section  for  examination  to  Mr. 
Allport,  who  returned  it  without  having  been  able  to  arrive  at  a  decision.  A 
few  days  after  the  return  of  this  section,  I  received  a  note  from  Mr.  Allport, 
in  which  he  stated  that  he  had  then  prepared  a  specimen  containing  pseudo- 
morphio  bodies,  enclosing  unaltered  magnetite,  ana  that  he  was  satisfied  they 
were  pseudomorphs  after  that  mineral,  adding,  "  I  have  no  doubt  they  will  be 
found  to  be  siderite."  Subsequent  examination  of  a  large  number  of  such 
patches  in  various  stages  of  alteration  leaves  no  doubt  of  their  being  pseudo- 
morphs after  magnetite ;  but  the  substance  by  which  that  mineral  has  been 
replaced  is  not  generally  siderite.  On  heating  a  thin  section  of  one  of  these 
rooks  with  hydrochloric  acid  in  a  hollow  cell  before  the  microscope,  no  evolution 
of  carbonic  anhydride  took  place ;  and  no  action  upon  the  pseudomorphs  was 
apparent  after  boiling  for  twenty  minutes  in  dilute  hydrochlorio  acid;  the 
whole  of  the  apatite,  however,  was  removed  by  this  treatment,  leaving  numerous 
hexagonal  holes  through  the  section. 
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fresh  triclinic  felspar,  together  with  viridite,  hornblende,  apatite, 
and  magnetite.  There  are  also  indications  of  pseudomorphs  after 
augite ;  bnt  this  mineral  has  been  entirely  replaced  by  various  horn- 
blendic  and  chloritic  substances.  This  is  probably  the  "  compact 
felspar  "  of  Dr.  Forbes. 

The  upper  portion  of  the  Chapel  Rock,  immediately  west  of  the 
causeway  leading  to  St.  Michael's  Mount,  consists  of  a  mixture  of 
felspar,  hornblende,  viridite,  magnetite,  and  apatite.  The  felspar, 
which  is  chiefly  plagioclase,  is  little  altered ;  but  pseudomorphs  after 
augite  cannot  be  very  distinctly  traced,  being  represented  by  patches 
of  viridite  and  fibrous  hornblende ;  the  magnetite  is  unaltered.  This 
rock  contains  a  few  crystalline  granules  of  quartz,  and  very  closely 
resembles  that  at  Battery  Point. 

On  the  sea-shore  of  the  mainland,  nearly  opposite  St.  Michael's 
Mount,  the  felspar  is  less  distinctly  defined,  but  augite  is  more 
readily  detected.  This'  rock  contains  but  little  apatite,  and  much 
of  the  magnetite  has  been  replaced  by  a  greenish-grey  mineral. 

Specimens  broken  from  the  nearest  point  of  rock  east  of  the  last- 
mentioned  locality  resemble  those  obtained  nearer  Marazion,  but  the 
felspar  has  become  still  more  decomposed;  pseudomorphio  forms 
after  augite  may  nevertheless  be  traced;  apatite  occurs  in  small 
quantities;  and  magnetite  is,  to  a  certain  extent,  replaced. 

The  rock  immediately  west  of  the  elvan-course  which  enters  the 
sea  a  little  to  the  east  of  this  place  consists  of  crystalline  but  much 
altered  felspar,  with  crystals  and  patches  of  augite  in  a  compara- 
tively fresh  state ;  in  addition  to  which  it  contains  green  hornblende, 
perhaps  tremolite,  a  little  viridite,  and  partially  replaced  crystals  of 
magnetite ;  no  apatite  could  be  detected  by  the  microscope.  Sec- 
tions prepared  from  a  rock  on  the  eastern  side  of  the  elvan-dyke 
do  not  differ  from  the  foregoing,  excepting  that  the  augite  is 
generally  in  a  still  less  altered  condition. 

Altogether  twenty-three  thin  sections  of  crystalline  rocks  from 
the  shores  of  Mount's  Bay  were  prepared  and  examined ;  but  as 
none  of  them  exhibits  any  peculiarity  not  observed  in  one  or  other 
of  those  already  noticed,  it  would  be  useless  to  enter  into  a  length- 
ened description  of  them.  In  order,  however,  to  compare  the  che- 
mical composition  of  rocks  of  this  class,  differing  somewhat  in  cha- 
racter and  in  various  stages  of  alteration,  analyses  were  made  of 
four  carefully  selected  specimens,  each  of  which  may  be  regarded  as 
being  to  some  extent  typical.  Although  made  in  duplicate,  the 
mean  results  only  are,  for  the  sake  of  convenient  comparison,  given 
in  the  following  Table.  The  mineralogical  characteristics  of  the 
rock,  as  deduced  from  a  microscopical  examination  of  thin  sections, 
have  also  in  each  case  been  added ;  for,  although  these  have  already 
been  generally  described,  it  is  desirable  that  the  records  of  the  two 
series  of  investigations  Bhould,  as  far  as  practicable,  be  placed  side 
by  side. 
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Table  showing  the  Composition  of  Four  Varieties  of  Altered  Crys- 
talline Rock  from  the  Penzance  District*. 


w—  (Sf..:::: 

I. 

n. 

m. 

IV. 

•24 
•76 

40-32 
•52 

18-18 
•82 
•32 

10-92 

trace 
9-32 
7-46 

•21 

•80 

4722 

•95 

19-85 

1-01 

•17 

987 

trace 

1018 

6-30 

112 

213 

•22 

117 

43-48 

distinct  trace 

18-60 

3-68 
traces 
11-38 
trace 
12-31 

601 

112 

1-69 

•29 
1-92 

47-26 
•33 

21-64 
3-97 

traces 
892 

trace 
601 
4-02 
1-91 
3-77 

Silica  

Phosphoric  anhydride  

Alupiina. t.,... 

Ferric  oxide   

„     persulphide 

Ferrous  oxide 

Manganous  oxide  

Lime   

Magnesia    

Potassa   

Soda    

2-07 
2-95 

99-88 

99-81 

99-66 

100O4 

Specific  gravity 

3-02 

2-97 

3-01 

2-98 

I.  Bock  immediately  Norili  of  St.  Peter's  Vicarage,  Tolcarn. — 
This  is  greenish  and  crystalline,  presenting,  in  hand  specimens,  the 
appearance  of  a  mixture  of  felspar  and  augite,  in  which  the  latter 
greatly  predominates :  some  of  the  crystals  of  this  mineral  are  one 
fifth  of  an  inch  in  length ;  but  those  of  felspar  are  usually  less  dis- 
tinct. Thin  sections  examined  under  the  microscope  are  found  to 
contain  felspar,  augite,  viridite,  brown  and  green  hornblende,  tre- 
molite  (?),  magnetite,  occasional  specks  of  pyrites,  apatite,  a  little 
granular  quartz,  and  a  few  flakes  of  mica.  The  felspar  is  much 
altered,  some  of  the  crystals  having  become  merged  in  a  colour- 
less slightly  opaque  base ;  a  few,  when  examined  in  polarized 
light,  still  exhibit  the  characteristic  striae  of  pl&gioclase,  while  the 
remainder  are  pscudomorphs,  either  enclosing  viridite  or  traversed 
by  acicular  crystals  of  hornblende.  The  augite,  which  occurs  in  the 
form  of  large  crystals  and  in  crystalline  patches,  has  undergone 
comparatively  little  change,  excepting  that  in  some  places,  and  par- 
ticularly along  certain  lines  of  fissure,  it  has  become  partly  con- 
verted into  either  viridite  or  hornblende.  Magnetite  is  sometimes 
partially  replaced,  while  apatite  remains  unaltered. 

II.  Compact  Crystalline  Mock  from  Tolcarn  Quarry. — Specimens 
of  this  rock  do  not  materially  differ  in  appearance  from  those  of  the 
foregoing,  excepting  that  it  is  less  distinctly  crystalline,  is  some- 

*  It  must  be  borne  in  mind  that  the  first  three  of  these  analyses  are  of  rocks 
from  the  same  locality,  in  different  stages  of  alteration,  while  the  fourth  is  of  a 
greenstone  from  a  distance  of  some  three  miles.  In  addition  to  their  other 
constituents  the  rooks  described  in  this  paper  not  unfrequently  afford,  as  pro- 
ducts of  alteration,  traces  both  of  carbonic  and  sulphuric  acids. 


Digitized  by  VjOOQ IC 


"  GBEBNSTONES  "  OP  WESTEKN  CORNWALL.  163 

what  lighter  in  colour,  and  has  a  browner  tint.  Examined  under 
the  microscope,  it  is  seen  to  have  been  subjected  to  a  greater  amount 
of  alteration ;  but  it  nevertheless  retains  cloudy  outlines  of  felspar 
crystals,  portions  of  which  afford,  in  polarized  light,  the  usual  striae  of 
plagioclase.  The  augite  is  represented  by  pseudomorphs  after  that 
mineral,  coloured  by  viridite,  while  magnetite  has  been  partially 
replaced  by  a  greenish-grey  material,  and  apatite  appears  to  be 
unchanged. 

HI.  Fine-grained  Crystalline  Mock  from  Tdlcam  Quarry. — This 
rock  is  of  a  dark  sage-green  colour,  is  exceedingly  fine-grained,  and 
breaks  with  a  somewhat  conchoidal  fracture.  A  microscopical  ex- 
amination of  thin  sections  shows  it  to  consist  of  a  granular  base, 
containing  quartz,  through  which  hornblende  and  magnetite  are 
plentifully  disseminated. 

In  spite  of  the  large  amount  of  alteration  to  which  this  rock 
has  evidently  been  subjected,  its  original  constitution  may  still, 
to  some  extent,  be  traced,  augite  having  become  replaced  by  patches 
of  viridite  and  hornblende,  while  felspar  is  either  represented  by 
indistinct  pseudomorphic  forms,  or  completely  merged  in  the  granular 
translucent  base ;  magnetite,  on  the  contrary,  remains  comparatively 
unchanged,  and  apatite  is  apparently  absent. 

IV.  Chapel  Hoch,  west  of  causeway  leading  to  St.  MichaeVs 
Mount. — This  rock,  which  rests  upon  slate,  is  crystalline,  of  a 
greenish-grey  colour,  and  is  traversed  by  numerous  fissures,  some 
of  which  have  become  filled  with  hornblende ;  in  its  general  ap- 
pearance it  more  nearly  resembles  a  felsite  than  either  of  the  fore- 
going. Under  the  microscope  it  is  seen  to  be  composed  of  a  fel- 
spathic  base,  porphyritically  enclosing  crystals  of  somewhat  altered 
plagioclase,  together  with  a  little  granular  quartz  ;  throughout  this 
are  disseminated  viridite,  apatite,  crystals  of  magnetite,  and  angular 
patches  of  hornblende,  the  latter  representing  replaced  crystals  of 
augite. 

With  regard  to  the  petrological  character  of  the  rocks  above 
described,  I  would  remark  that  No.  I.  is  probably  a  rock  resulting 
from  the  alteration  either  of  gabbro  or  dolerite,  while  No.  II.  and 
No.  III.,  which  do  not  differ  very  materially  from  it  in  chemical 
composition,  may  be  regarded  as  the  results  of  a  still  more  advanced 
stage  of  metamorphism  *.  In  No.  IV.  the  proportion  of  silica  is  the 
same  as  in  Nos.  I.  and  II.,  but  the  amount  of  lime  and  magnesia  is 
somewhat  less,  while  that  of  alumina  is  greater. 

Associated  with  the  before-described  rocks  are  others,  possessing  a 
distinctly  lamellar  structure,  but  which  appear  to  graduate  from 
ordinary  killas,  on  the  one  hand,  to  imperfectly  cleavable  slates,  on 
the  other. 

A  slate  belonging  to  the  killas  class,  which  comes  in  contact  with 
highly  crystalline  rocks  in  the  Tolcarn  Quarry,  analyzed  in  dupli- 
cate, afforded  the  following  results  (sp.  gr.  =  2-76) : — 

*  Mr.  Allport,  when  on  the  ground,  suggested  that  these  rocks  might  be 
altered  gabbros. 
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L  n. 

Wo.  „  J  hygrometric -68  -58 

waler\  combined 3-20  314 

Silica 63-45  63-37 

Phosphoric  anhydride    trace  trace 

Alumina     18-33  18-31 

Ferric  oxide   2-68  2-63 

„     persnlphide traces  traces 

Ferrous  oxide     ..- 3-66  3-60 

Manganous  oxide  trace  trace 

lime -43  -59 

Magnesia    3-00  2-92 

Potassa 3-73  400 

Soda  -78  -65 


99-94        99-79 

This  is  a  grey  killas,  of  more  than  usual  hardness,  and  of  which 
some  of  the  transverse  headings  are  stained  of  a  reddish-brown 
colour  by  hydrated  ferric  oxide,  while  others  are  coated  with 
chlorite. 

Under  the  microscope  it  is  found  to  consist  of  a  nearly  colour- 
less base,  enclosing  a  little  viridite  with  mica,  and  numerous  dis- 
tinct fragments  of  quartz,  together  with  a  few  aggregations  of  a 
granular  mineral,  having  the  appearance  of  minute  garnets.  These 
groups  vary  from  -nyW  *°  vh)  "^  ^  diameter,  and  are  sometimes 
darkened  and  rendered  opaque  by  the  liberation  of  hydrated  ferric 
oxide ;  when  viewed  between  crossed  nicols  the  base  presents  the 
usual  coloured  mosaic  characteristic  of  such  rocks. 

Upon  a  hill  a  little  west  of  the  tin-smelting  works  in  the  valley 
above  Tolcarn,  a  quarry  has  been  opened  for  the  purpose  of  ex- 
tracting the  hard  pyroxenic  rock  to  be  used  as  road  material.  The 
killas  is  here  seen  between  two  beds  of  crystalline  rock,  and  differs 
from  that  in  the  Tolcarn  quarry  in  containing  thin  foliations  of 
hornblende,  with  perhaps  a  little  mica,  in  planes  parallel  with  its 
cleavage.  This  rock  appears  to  be  intermediate  in  character  be- 
tween the  ordinary  clay-slate  of  the  district  and  the  crystalline  fissile 
rocks,  which  now  remain  to  be  described. 

These  rocks,  which  are  generally  fine-grained,  vary  in  colour  from 
bluish  green  to  greenish  grey,  and  differ  considerably  in  the  facility 
with  which  they  may  be  divided  into  thin  plates.  In  some  cases 
slaty  cleavage  is  distinctly  recognizable,  while  in  others  nearly  all 
trace  of  .such  a  structure  has  become  obliterated,  under  which  cir- 
cumstances the  rock  breaks  with  a  subconchoidal  fracture ;  between 
these  extreme  limits  various  degrees  of  fissility  may  be  observed*. 
When  thin  sections  are  examined  under  the  microscope  they  are 
found  to  consist  to  a  large  extent  of  hornblende,  which  occurs  both 
as  crystalline  patches  and  as  felted  acicular  crystals.     Sometimes 

*  It  is  often  impossible  to  determine  to  what  extent  the  fissility  of  these 
rocks  is  due  to  true  slaty  cleavage,  and  how  far  it  may  be  the  result  of 
bedding. 
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this  rock  is  almost  entirely  composed  of  closely  felted  crystals, 
among  which  is  disseminated  a  little  flocculent  viridite,  or  more 
rarely  magnetite;  not  unfrequently  the  hornblendio  mineral  is 
thickly  distributed  through  a  colourless  slightly  opaque  base, 
which  forms  but  a  small  proportion  of  the  whole.  Patches  of 
quartz  may  also  occasionally  be  observed ;  and  into  these  minute 
green  crystals  project  from  the  surrounding  mass  like  the  foliage  of 
a  tree  into  the  open  spaces  between  its  branches.  In  addition  to 
green  hornblende,  and  perhaps  a  little  chlorite,  these  rocks  fre- 
quently contain  brown  hornblende,  together  with  colourless  crystals 
of  a  mineral  which  is  probably  tremolite.  Magnetite  is  likewise 
sometimes  present ;  but  instead  of  being  in  a  crystalline  form,  as  in 
the  case  of  the  rocks  before  described,  it  is  generally  disseminated 
either  as  a  sooty  powder  or  in  rounded  aggregations. 

Twenty-six  different  sections  of  these  rocks  were  cut  in  various 
directions,  and  examined  under  the  microscope  with  the  foregoing 
general  results,  while  four  specimens  were  subjected  to  chemical 
analysis ;  in  each  case  the  mean  of  two  separate  estimations  is  given 
in  the  following  table ;  and  a  description  of  the  appearanoe  of  thin 
sections,  seen  under  the  microscope,  is  appended. 

Table  showing  the  Composition  of  Four  Varieties  of  Crystalline 
Slaty  Mock. 


L 

II* 

in. 

IV. 

•54 

•77 

37-44 

•27 

16'32 

7*33 

•23 

14-75 

trace 

12-83 

6<06 

1-50 

1-85 

1-37 

1-56 
35-58 
distinct  traoe 
2114 
14-74 
traces 
10-32 
trace 

9-20 

2-78 
•95 

2-11 

•53 
•87 

39-20 
•74 

16-22 
4-82 

15-88 

10-70 
6-56 
2-69 
1-45 

•68 

1-06 

8657 

•68 

1534 

7-57 

14-84 

traoe 

12-58 

5-98 

1-44 

2-99 

w^{ffin^?.::::::::: 

8ilica   

Phosphoric  anhydride  

Alumina 

Ferric  oxide    

i         ,,     persulphide 

Ferrous  oxide 

i    Manganous  oxide   .........*.. 

lame    ,... 

Magnesia 

Potassa    

Soda...,., 

9989 

99-75 

99-66 

99-73 

Specific  gravity 

3-29 

315 

3-26 

3-28 

I.  Paul  Hill,  Paul. — This  rock  is  hard,  dark  in  colour,  very  fine 
in  grain,  and  possesses  a  distinctly  slaty  structure.  Thin  sections, 
examined  under  the  microscope,  are  found  to  be  composed  chiefly  of 
minute  thickly  matted  green  crystals,  through  which  are  disse- 
minated a  little  flocculent  viridite,  and  occasionally  some  dust-like 
magnetite.  It  encloses  small  irregular  patches  of  milky  or  trans- 
parent quartz,  traversed  by  minute  hflrnblendic  crystals. 

*  This  analysis  was  published  in  the  Quart.  Journ.  Geol.  Soc.  vol.  xxvi« 
p.  329,  but  is  introduced  here  for  the  sake  of  comparison. 
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II.  BosehiU,  Castle  Horneck. — This  rock  is  brown  in  colour,  and 
is  more  fissile  than  the  foregoing,  consisting  largely  of  crystalline 
hornblende,  through  which  hydrated  ferric  oxide  and  a  chloride 
mineral  are  disseminated ;  it  includes  patches  of  some  nearly  colour- 
less translucent  material,  into  which  minute  green  crystals  project 
from  the  circumference  *. 

III.  Chyandour,  Penzance, — This  is  a  very  hard  rock,  dark  in 
colour,  frequently  breaking  with  a  subconchoidal  fracture,  and  in 
which  nearly  all  trace  of  cleavage  or  lamination  has  disappeared ; 
when  freshly  broken  its  surface  is  sometimes  spotted  with  patches 
of  the  size  of  small  shot  of  brown  crystalline  hornblende.  Thin 
sections  are  found  to  be  composed  of  small  interlaced  acicular 
crystals,  through  which  a  flocculent  mineral  of  a  darker  green 
colour  is  disseminated. 

IT.  Rosemorran,  Ghdval. — A  distinctly  lamellar  rock  of  the  usual 
dark  green  colour,  and  to  a  considerable  extent  fissile.  Thin  sec- 
tions are  seen  to  consist  of  a  felted  aggregation  of  a  fibrous  horn- 
blendic  mineral,  in  which  are  imbedded  a  few  larger  crystals  of 
hornblende.  Irregular  minute  patches  of  granular  quartz  are  scat- 
tered throughout  the  mass ;  these,  which  contain  liquid-cavities,  are 
sometimes  milky,  and  at  others  transparent,  being  traversed  in  all 
directions  by  belonitic  crystals,  which  penetrate  from  the  exterior. 
A  few  nebulous  stains  of  viridite  and  hydrated  oxide  of  iron,  together 
with  occasional  needles  of  apatite,  are  disseminated  throughout. 

It  will  be  observed  that  the  foregoing  specimens  of  slaty  rock, 
obtained  from  localities  at  considerable  distances  apart,  closely 
resemble  one  another  in  general  chemical  composition,  and  are 
almost  identical  in  their  penological  characteristics.  They  contain, 
on  an  average,  ten  per  cent,  less  silica  than  the  more  highly 
crystalline  rocks  of  which  analyses  are  given  p.  162 ;  and  a  small 
proportion  of  phosphoric  anhydride  is  present  in  all  of  them. 

The  microscopic  closely  felted  crystals,  of  which  these  rocks  are 
often  to  a  considerable  extent  composed,  seldom  exhibit  distinct 
outlines,  and  not  unfrequently  assume  a  more  or  less  flocculent 
appearance. 

This  mineral,  which  is  dichroic,  is  believed  to  be  hornblende, 
although  the  low  percentage  of  silica  found  by  analysis  might  appear 
to  indicate  the  presence  of  chlorite.  When  we  take  into  considera- 
tion, however,  the  small  proportion  of  combined  water  in  these 
rocks,  it  becomes  apparent  that  if  chlorite  be  present  the  amount 
must  be  very  small  t. 

*  All  the  rocks  belonging  to  this  class  are  to  a  large  extent  decomposed  by 
boiling  hydrochloric  acid;  but  on  placing  an  unmounted  section  from  this 
locality  on  a  glass  slip  under  the  microscope,  and  covering  it  with  hot  acid, 
some  of  the  lighter  patches  were  observed  to  be  more  readily  attacked  than  the 
remainder  of  the  mass.  In  one  or  two  cases  a  few  minute  bubbles  of  carbonio 
anhydride  were  evolved,  but  the  quantity  was  too  small  for  estimation  by 
analysis. 

t  The  proportion  of  silica  in  hornblende  usually  varies  between  40  and  50 
per  cent. ;  but  according  to  Bammelsberg  ('  Handbuch  der  Mineralchemie,' 
pp.  492,  493)  a  black  crystal  of  this  mineral  from  Filipetad,  Warmland,  con- 
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In  addition  to  killas  and  these  green  slates  there  is  a  variety  of 
slaty  rock  which  is  somewhat  greyer  in  colour  than  the  fissile 
hornblendic  rocks.  This  contains  a  larger  amount  of  magnetite ; 
and  the  proportion  of  colourless  base  is  also  more  consider- 
able. Sections  prepared  from  a  rock  of  this  description,  which  has 
been  quarried  near  Penlee  Point,  on  the  right  of  the  road  from 
Newlyn  to  Mousehole,  were  found  to  consist  of  a  mixture  of  horn- 
blende, viridite,  and  magnetite  enclosed  in  a  transparent  base. 
The  granular  colourless  base  is  traversed  by  parallel  undulating 
irregular  bands  of  feathery  green  crystals;  spongy  magnetite  is  also 
present,  and  is  either  disseminated  throughout  the  mass,  or  forms  a 
border  to  bands  or  patches  of  hornblende.  The  .base  is  thickly 
interlaced  with  belonites;  and  its  granular  character  becomes  appa- 
rent on  being  examined  by  the  aid  of  polarized  light. 

A  freshly  broken  specimen  of  a  greenish-grey  rock  of  this  class, 
from  a  quarry  in  the  village  of  Newlyn,  was  analyzed  in  duplicate, 
and  afforded  the  following  results  (sp.  gr.  2*89) : — 

I.  n. 

water\  combined -55  -63 

Silica 50-57  50-51 

Phosphoric  anhydride    -12  -13 

Alumina 19-65  19-69 

Ferric  oxide   1-46  1-28 

„     persulphide traces  traces 

Ferrous  oxide    7-24  7*40 

Manganous  oxide trace  trace 

Lime 7-47  7-38 

Magnesia    7-93  8-04 

Potassa 1-08  100 

Soda   3-46  3-41 

99-72        99-67 

tained  only  37*84  per  cent.,  while  the  percentage  found  in  a  specimen  from 
Fredriksrarn  was  still  less,  or  37*34  per  cent 

A  specimen  of  black  crystalline  Hornblende  from  a  vein  in  the  cliff  near 
Botallack,  analyzed  by  A.  G-.  Phillips  in  the  author's  laboratory,  afforded  the 
following  results  (sp.  gr.  3*24) : — 

Water -94 

Silica 4012 

Alumina    16*75 

Ferric  oxide  4*32 

Ferrous  oxide  12*70 

Manganous  oxide 3*42 

Lime 12*37 

Magnesia  6*82 

Potassa trace 

Soda  2*65 

100-09 
Another    dark-coloured  crystal   from  a  neighbouring  locality  contained 
39*73  per  cent,  of  silica ;  it  is  therefore  evident  that  the  proportion  of  this  sub- 
stance in  Cornish  hornblendes  is  sometimes  unusually  low. 
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This  is  a  fissile  and  distinctly  lamellar  rock,  which  is  employed 
for  road-making.  Although  its  prevailing  tint  is  grey,  it  is  spotted 
with  patches  of  light  brown  hornblende  mixed  with  a  little  greenish 
mica.  An  examination  of  thin  sections  shows  it  to  consist  largely 
of  greyish  microlitee,  so  thickly  matted  together  in  a  transparent 
base  as  to  render  the  general  mass  to  some  extent  opaque.  In  this 
mixture  are  patches  of  brown  hornblende,  a  litttle  mica,  tremolite, 
magnetite,  and  a  few  spots  of  iron  pyrites :  the  magnetite  is  not 
generally  crystalline;  and  when  seen  in  polarized  light  the  base 
exhibits  no  indication  of  crystalline  structure.  This  rock  contains 
a  few  distinct  markings  having  a  resemblance  to  cloudy  crystals  of 
plagioclase  seen  in  certain  varieties  of  dolerite. 

The  foregoing  examination  of  rocks  forming  the  shores  of  Mount's 
Bay  indicates  that  they  principally  belong  to  three  distinct  series, 
differing  alike  in  their  chemical  composition  and  mineralogies!  con- 
stitution : — 1st,  augitio  rocks  of  a  class  generally  believed  to  be  of 
igneous  origin ;  2ndly,  ordinary  clay-slates ;  3rdly,  hornblendic 
slaty  rocks. 

The  rocks  included  in  the  first  of  these  divisions  appear  to  have 
been  originally  composed  of  felspar,  augite,  magnetite,  and  apatite  ; 
all  have,  however,  in  a  greater  or  less  degree,  been  subjected  to 
influences  through  the  agency  of  which  the  crystalline  character  of 
the  felspar  has  to  some  extent  been  destroyed,  while  viridite  and 
hornblende  have  been  produced  by  the  alteration  of  augite.  In 
some  instances  these  secondary  changes  have  reached  such  an 
advanced  stage  that  the  felspar  is  either  represented  by  pseudo- 
morphic  forms,  or  has  become  transformed  into  an  amorphous 
or  granular  base ;  in  other  cases  the  augite  has  been  completely 
removed,  giving  rise  by  its  decomposition  to  pseudomorphs  of  which 
hornblende  or  viridite  are  the  chief  constituents.  In  such  specimens 
apatite  sometimes  appears  to  be  the  only  original  mineral  which  has 
not  suffered  from  alteration.  That  these  changes  have,  to  a  great 
extent,  been  produced  by  a  rearrangement  of  the  ultimate  con- 
stituents of  the  rock,  rather  than  by  their  removal  and  substitution, 
is  probable  from  the  results  of  analyses  of  variously  altered 
specimens. 

The  rocks  of  the  second  class  are  the  ordinary  olay-slates  or 
kUlas  of  the  Cornish  mines. 

The  green  lamellar  rocks  constituting  the  third  class  appear  to 
present  evidences  of  sedimentary  origin,  and  may  have  been  pro- 
duced either  by  the  metamorphism  of  other  rocks  subsequent  to 
consolidation ;  or,  when  in  the  state  of  paste,  magma,  or  mud,  they 
may  have  become  consolidated  under  such  chemical  and  physical 
conditions  as  to  lead  to  the  generation  and  crystallization  of  the 
various  minerals  which  they  enclose.  Reference  to  the  table, 
p.  165,  shows  that  they  not  only  possess  a  great  resemblance  to 
one  another  in  chemical  composition,  but  also  that  in  this  respect 
they  more  nearly  approach  the  crystallized  igneous  rocks  than 
ordinary  clay-slates ;  the  proportion  of  silica  present,  however,  is 
considerably  less  than  is  usually  contained  in  hornblendic  slates. 

Cape-Cornwall  District. — The  so-called  greenstones  of  Cape 
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Cornwall  extend  from  the  northern  shore  of  Porthleden  Cove  to  a 
quarter  of  a  mile  beyond  the  Levant  Mines ;  their  total  length  is 
about  two  miles,  and  their  greatest  width  not  above  three  hundred 
yards.  In  many  places,  however,  they  form  a  mere  border  along 
the  coast  line. 

These  rocks,  which  are  stratified,  and  have  a  general  dip  from 
the  granite,  vary  considerably  in  colour,  since  they  graduate  from  a 
bluish-grey  through  sundry  shades  of  green  to  dark  brown  or  black. 
Slaty  cleavage  is  often  well  defined,  but  in  all  cases  in  which  it  has 
become  partially  obliterated  it  is  rendered  apparent  by  weathering, 
and  there  is  always  a  tendency  to  break  into  thin  plates. 

They  are  generally  lighter  in  colour  than  the  slates  bordering 
Mount's  Bay,  and  hornblende  is  not  unfrequently  more  or  less  con- 
centrated in  laminae  parallel  with  the  cleavage.  In  some  places, 
and  particularly  in  the  cliff  near  Botallack,  the  rocks  are  traversed 
by  veins  of  hornblende,  axinite,  garnet,  or  magnetite ;  garnets  are 
also  sometimes  plentifully  imbedded  throughout  the  rock. 

In  some  localities  along  this  part  of  the  coast  the  slaty  beds 
enclose  a  considerable  amount  of  quartz  in  the  form  of  layers  fol- 
lowing the  lamination  of  the  rock ;  more  rarely  it  forms  distinct 
reins  crossing  the  lines  of  bedding.  Wherever  such  an  admixture 
of  quartz  with  slaty  rocks  is  observed,  the  parallelism  of  the  laminae 
is  interfered  with,  and  the  rock  becomes  more  or  less  bent,  cor- 
rugated, or  twisted;  this  contortion  may  perhaps  to  some  extent 
have  been  the  result  of  crystallization  *. 

Thin  sections  of  these  rocks  are  found  to  be  composed  of  a  colour- 
less granular  base,  throughout  which  reticulated  feathery  horn- 
blendic  crystals  are  thickly  disseminated,  together  with  grains  of 
quartz,  magnetite,  sometimes  minute  garnets,  and  a  few  flakes  of 
brown  mica.  This  mixture  is  occasionally  traversed  by  acicular 
hornblendic  crystals,  which  are  frequently  arranged  in  stellate 
groups  of  about  T  J^  inch  in  diameter.  Sections  cut  perpendicularly 
to  the  foliation  show  that  the  magnetite  and  hornblende  are  some- 
times arranged  in  corrugated  bands,  and  that  the  proportion  of 
transparent  base  is  much  larger  than  in  the  somewhat  similar  rocks 
of  the  vicinity  of  Penzance. 

*  I  itated  in  a  former  paper  (Quart.  Journ.  QeoL  Soc.  vol.  xxxi.  p.  341) 
that  it  is  not  improbable  that  the  repeated  widenings  which  hare  evidently 
been  experienced  by  fissures  enclosing  mineral  veins,  may  sometimes  have  been 
produced  by  mechanical  forces  resulting  from  crystallization.  As  somewhat 
supporting  this  hypothesis,  it  may  be  stated  that,  in  the  manufacture  of  "  soda 
crystals,"  at  the  chemical  works  of  Messrs.  Gaakell,  Deacon  &  Co.  at  Widnes, 
Lancashire,  vessels  made  of  thin  boiler-plates  have  been  substituted  for  the 
ordinary  orystallizers  of  cast  iron.  The  result  has  been  that  a  film  of  the 
solution  of  carbonate  of  sodium  found  its  way  between  the  laps  where  the 
plates  are  rivetted,  and  in  crystallizing  forced  the  sheets  of  metal  apart. 
To  such  an  extent  were  the  vessels  damaged  by  this  action,  that  they  very  shortly 
required  to  have  their  joints  reclosed  by  careful  caulking.  Since  the  pub- 
lication of  the  paper  above  referred  to  I  find  that  Volger  attributes  the  forma- 
tion of  the  fissures  enclosing  mineral  veins  to  the  force  of  crystallization,  and 
that  the  notion  of  vein-fissures  being  opened  as  crystallization  advances  is 
defended  by  Gruner.  See  *  Chemical  and  Geological  Essays/  by  T.  S.  Hunt, 
F.R.8.&c.p.202. 
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In  other  specimens  the  crystals  are  exceedingly  minute,  and 
closely  matted  together,  without  the  stellate  or  banded  arrangement 
above  described.  All  the  sections  examined  contain  magnetite, 
which  is  often  finely  granular,  and  is  seen,  with  a  combination  mag- 
nifying 250  linear,  to  be  in  the  form  of  imperfect  crystals,  with 
rounded  edges.  Less  frequently  the  magnetite  is  more  distinctly 
crystalline ;  and  when  this  is  tike  case,  it  is  generally,  in  part,  re- 
placed by  some  siliceous  mineral. 

Occasionally  the  transparent  granular  base  of  which  these  rocks  are, 
to  a  large  extent,  composed,  instead  of  containing  radial  or  flocculent 
crystals,  encloses  numerous  irregular  flakes  of  brown  hornblende  or 
mica ;  magnetite  and  viridite  arc  also  present  in  this  variety. 

No  altered  gabbros  or  dolerites  of  the  class  found  in  the  neigh- 
bourhood of  Penzance  were  observed  in  the  Cape-Cornwall  district ; 
and  the  majority  of  the  sections  examined,  nineteen  in  number, 
afforded  evidence  of  the  slaty  or  schistose  nature  of  these  rocks  *. 

Gubnard's-Head  District. — The  greenstones  in  the  vicinity  of  the 
Gurnard's  Head,  as  laid  down  upon  the  Map  of  the  Geological 
Survey,  extend,  with  certain  interruptions,  from  that  promontory 
to  Porthzennor  Cove.  An  examination  of  these  rocks  in  situ  soon 
renders  it  apparent  that  they  very  closely  resemble  those  found  in 
the  neighbourhood  of  Newlyn  and  Penzance.  The  slaty  rocks, 
which  here,  as  elsewhere,  dip  from  the  granite,  are  perhaps  more 
crystalline  and  somewhat  darker  in  colour  than  those  of  the  former 
locality ;  the  gabbros  or  dolerites,  on  the  other  hand,  have  under- 
gone a  still  larger  amount  of  metamorphism. 

The  upper  portions  of  the  Gurnard's  Head  are  composed  of  a 
hard,  dark,  bluish-green  slate,  consisting  of  a  transparent  base, 
through  which  brown  and  green  microlites,  with  granular  mag- 
netite, are  plentifully  and  regularly  disseminated.  Beneath  this  is 
a  dark  crystalline  rock,  which,  although  apparently  stratified,  ex- 
hibits no  evidence  of  cleavage.  Thin  sections  are  seen  to  consist  of 
the  usual  transparent  base,  enclosing  hornblende  and  viridite,  with 
pseudomorphs  after  magnetite,  and  small  irregular  crystalline 
patches  of  augite  or  diallage.  It  also  contains  a  few  small  and 
much-altered  crystals  of  felspar,  together  with  various  shadowy 
patches  and  outlines  suggestive  of  extensive  metamorphism. 

A  wide  band  of  rock,  coloured  upon  the  Geological  Map  as  green- 
stone, immediately  south  of  the  headland,  is  shown  by  the  micro- 
scope to  consist  of  a  translucent  granular  base,  containing  grains  of 
otiftrtz.  t.hmiicr})nii+  uri^ii  *i^  ~~linary  minerals  are  disseminated  in 

>  few  minute  garnets. 

l  of  the  above,  has  sometimes  a  slaty 
bund  to  have  a  similar  composition, 
-east  of  the  Gurnard's  Head,  form- 
hglaze  Cove,  are,  to  a  great  extent, 
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composed  of  a  crystalline  rock  of  the  same  class  as  that  near  St. 
Peter's  vicarage,  Penzance.  This,  however,  has  experienced  a 
larger  amount  of  alteration  than  the  majority  of  those  on  the  shores 
of  Mount's  Bay,  since  none  of  the  sections  examined  retain  any 
trace  of  unaltered  augite  or  diallage,  the  magnetite  has  been  par- 
tially replaced,  and  apatite  sometimes  appears  to  be  the  only  un- 
altered mineral  present.  Diallage  has  been  found  in  sinking  a  shaft 
at  Carnellow  Consols,  near  the  point  of  junction  of  the  crystalline 
rock  with  slates.  The  nature  and  distribution  of  the  various  minerals 
seen  in  thin  sections  of  the  more  highly  metamorphosed  portions  of 
this  rock  tend  to  the  supposition  that  the  darker  beds  forming  the 
base  of  Gurnard's  Head  have  had  a  similar  origin ;  but  if  this  be  the 
ease,  they  have  been  subjected  to  still  more  extensive  alteration. 

At  Porthglaze  Cove  there  is  a  hardened  killas,  sections  of  which 
show  it  to  be  composed  of  a  transparent  quartzose  base,  coloured  by 
flocculent  green  and  brown  microlites,  which  are  plentifully  distri- 
buted throughout. 

A  little  north  of  this  point  the  cliff  becomes  darker,  more  highly 
crystalline,  and  less  distinctly  slaty :  hand  specimens  resemble  those 
of  the  rock  forming  the  eastern  base  of  Gurnard's  Head ;  but  when 
thin  sections  are  examined  a  marked  difference  is  observed.  This 
rock  is  chiefly  composed  of  closely  matted  hornblende,  among  which 
are  distributed  a  flocculent  mineral  of  a  greyish-green  colour, 
numerous  grains  of  magnetite,  a  few  patches  of  a  granular  base, 
and  some  grains  of  quartz. 

The  northern  side  of  the  promontory  forming  the  southern 
boundary  of  Pendower  Cove  is  composed  of  a  dark-green  crystalline 
rock  approaching  to  black.  In  hand  specimens  it  resembles  the 
bottom  rock  of  Gurnard's  Head;  an  examination  of  thin  sections, 
however,  shows  that  it  differs  materially  from  it,  being  principally 
composed  of  matted  green  hornblende  of  various  shades,  a  small 
quantity  of  transparent  base,  and  occasional  grains  of  quartz,  but  no 
magnetite. 

An  analysis  of  this  rock,  made  in  duplicate,  afforded  the  following 
results  (sp.  gr.=s3-35) : — 

I.  n. 

Wflfofl  fhygrometric -34  -40 

water\  combined 1-05  1-07 

Silica 37-72  37-63 

Phosphoric  anhydride '41  »46 

Alumina 17-19  17-15 

•    Ferric  oxide  7*75  7-53 

„     persulphide traces  traces 

Ferrous  oxide 15-81  16*03 

Manganous  oxide '43  -40 

lime  14-00  13-95 

Magnesia    3-41  3-52 

Potassa 1-02  -94 

Soda    1-06  -95 


100-19       100-03 
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It  will  be  observed  that  its  composition  very  nearly  agrees  with 
that  of  the  crystalline  hornblendic  slates  in  the  neighbourhood  of 
Penzance. 

A  similar  rock  occurs  on  the  headland  forming  the  northern 
boundary  of  the  Cove,  and  is  associated  with  a  brecciated  quartzite, 
the  angular  fragments  of  which  have  been  cemented  together  by 
crystalline  hornblende. 

From  the  foregoing  description  of  the  rocks  of  this  district  it  will 
be  seen  that  they  are  in  all  respects  almost  identical  with  those  in 
the  neighbourhood  of  Penzance.  Nineteen  sections  of  rocks  from 
this  part  of  the  coast  were  cut  and  examined. 

St.-Ives  District. — The  next  considerable  exposure  of  rocks  be- 
longing to  this  class  is  that  laid  down  on  the  Government  Geological 
Map  as  extending,  with  but  one  inconsiderable  break,  from  a  short 
distance  east  of  Trevail  Point  to  a  little  beyond  Porthminster  Point, 
in  St. -Ives  Bay ;  its  total  length  is  three  miles,  and  its  greatest 
width  about  a  mile.  The  only  interval  in  the  continuity  of 
these  rocks  occurs  along  the  valley  through  which  passes  the  turn- 
pike-road leading  from  St.  Ives  to  Halsetown  and  Towednack ;  this 
has  been  formed  by  the  erosion  of  clay-slates  which  here  come 
to  the  surface.  The  rocks  in  this  neighbourhood  are  very  similar  in 
character  to  those  forming  the  shores  of  Mount's  Bay,  and  consist  of 
hornblendic  slates,  interbedded  with  augite  rocks  and  occasional 
bands  of  clay-slate. 

Although  numerous  thin  sections  were  prepared  from  the  rocks 
of  this  district,  they  are  all  so  nearly  identical  in  their  penological 
characteristics  with  those  from  the  neighbourhood  of  Penzance,  that 
it  has  not  been  thought  desirable  to  subject  any  of  them  to  analysis, 
and  a  detailed  description  of  their  appearance  under  the  microscope 
becomes  unnecessary.  It  may,  however,  be  stated,  generally,  that 
a  large  outcrop  of  crystalline  rock,  very  similar  to  that  of  Tolcarn, 
occurs  in  the  immediate  vicinity  of  St.-Ives  pier.  At  Clodgy  Point 
the  rock  contains  well-defined  and  unaltered  crystals  of  plagioclase, 
slightly  altered  augite  or  diallage,  with  pseudomorphs  after  one  or 
other  of  these  minerals,  and  pseudomorphic  orystals  after  magnetite ; 
it  also  contains  viridite,  a  little  granular  quartz,  and  a  few  crystals 
of  apatite. 

Near  Carrack  Olu  there  are  large  banded  masses  of  very  hard  and 
tough  greenish  slates,  consisting  of  reticulated  crystals  of  hornblende, 
with  a  little  viridite  and  quartz,  disseminated  throughout  a  subor- 
dinate amount  of  apparently  felspathic  base.  Near  Porthminster 
Point,  at  the  eastern  extremity  of  the  formation,  ordinary  clay-slate 
alternates  with  more  or  less  crystalline  rocks.  The  slate,  which  is 
here  much  contorted,  is  hardened  by  metamorphic  action,  and  is 
traversed  by  numerous  veins  of  quartz  ;  quartz  also  frequently 
occurs  in  thin  layers  following  the  lines  of  cleavage ;  thin  sections 
of  these  slates  present  the  usual  characteristics  of  ordinary  killas. 
Twelve  sections  were  prepared  from  these  rocks. 

District  between  St.  Ebth  and  Camborne. — On  referring  to  the 
Geological  Map,  numerous  bands  of  greenstone  will  be  observed  ex- 
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tending  in  a  north-easterly  direction  from  the  former  locality  to  the 
latter,  or  for  a  distance  of  about  six  and  a  half  miles :  their  greatest 
aggregate  thickness  approaches  half  a  mile ;  and  all  are  compre- 
hended within  a  belt  of  less  than  a  mile  in  width.  On  either  side 
of  these  rocks,  and  in  their  close  proximity,  at  least  two  large  elvan- 
courses  ran  parallel  with  them  throughout  their  extent ;  and  small 
elvans,  or  branches  from  the  larger  ones,  sometimes  take  their 
course  between  the  different  bands. 

On  the  Map  of  the  Geological  Survey,  Camborne  is  indicated  as 
being  the  most  eastern  limit  of  these  rocks ;  but  it  is  evident  that, 
although  considerably  reduced  in  width,  they  must  be  continued  at 
least  two  miles  further  east,  as  they  again  make  their  appearance  in 
the  workings  of  South-Roskear,  East-Fool,  and  various  other  mines. 
They  are  generally  known  as  "  blue  elvans,"  or  *'  irestones  "  (iron- 
stones), the  latter  name  being  applied  to  them  by  miners  on  account 
of  their  extreme  hardness. 

In  some  places  these  rocks  stand  out  boldly  above  the  surface  of 
the  soil,  as  a  little  north  of  the  viaduct  situated  two  miles  west  of 
Camborne ;  in  others  they  have  been  laid  open  either  by  railway- 
cuttings,  mining-operations,  or  quarrying.  On  account  of  their 
hardness  and  exceptional  toughness,  they  are  much  used  throughout 
the  district  as  a  material  for  metalling  roads,  and  are  occasionally 
sent  to  considerable  distances  for  that  purpose.  Their  structure  is 
ordinarily  more  or  less  slaty ;  but  they  sometimes  break  with  a 
hackly  or  even  subconchoidal  fracture.  In  colour  they  vary  from 
grey  to  greyish  or  bluish  green.  Rocks  of  this  class  often  enclose 
specks  of  pyrites,  and  are  occasionally  mottled  with  bands  or  veins 
of  a  brown  or  greenish-brown  material,  which  is  sometimes  imper- 
fectly crystallized.  These  veins  arc  probably  composed  of  a  mixture 
of  garnet  and  axinite ;  but  the  crystals  are  so  imperfectly  developed 
in  the  specimens  examined  as  to  render  their  identification  somewhat 
difficult.  v 

At  No-Man's-Land,  two  miles  east  of  the  village  of  St.  Erth,  a 
quarry  has  been  opened,  for  road  material,  upon  a  band  of  exceedingly 
hard  bluish-grey  rock,  which  is  frequently  spotted  with  pyrites.  It 
is  contorted,  and  somewhat  coarse  in  texture,  exhibiting  a  disposition 
to  break  into  plates,  in  accordance  with  certain  parallel  planes. 
This  is  mixed  with  a  considerable  amount  of  clay-slate,  the  cleavage 
of  which  approximately  coincides  with  the  planes  of  fracture  of  the 
enclosing  rock ;  this  slate  has  evidently  been  subjected  to  influences 
by  which  its  iron  has,  to  a  large  extent,  been  converted  into  hydrated 
oxide. 

Under  the  microscope  thin  sections  are  found  to  be  composed  of 
filamentary  reticulated  crystals  of  various  shades  of  green,  very 
thickly  pervading  a  transparent  base,  which  encloses  patches  of 
quartz,  magnetite,  and  pyrites.  In  addition  to  the  greenish  crystal- 
line mineral  before  referred  to,  there  is  also  present  a  greyish-green 
nebulous  substance,  which  usually  occurs  in  patches. 

Two  miles  west  of  Camborne,  after  passing  through  an  archway 
in  the  embankment  supporting  the  railway  viaduct  near  Carn-Cam- 
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borne  Dressing  Floors,  a  wide  band  of  bluish-grey  greenstone,  which 
has  a  distinctly  slaty  structure,  crops  out  some  thirty  or  forty  feet 
above  the  surface. 

An  analysis,  in  duplicate,  of  this  rock,  afforded  the  following 
results  (sp.  gr.  as  3*03): — 

i.  n. 

Wftter/hygrometric "1*  -12 

water\  combined -60  -65 

Silica 48-30  48-41 

Phosphoric  anhydride    trace  trace 

Alumina 17-04  17*02 

Ferric  oxide  2-73  2-68 

„     persulphide traces  traces 

Ferrous  oxide 9-50  9-41 

Manganous  oxide trace  trace 

Lime 13-30  1315 

Magnesia    618  6-20 

Potassa  -30  -30 

Soda 2-01  2-13 


100-10       100-07 

Sections  examined  under  a  low  power  are  seen  to  consist  of 
flaky  hornblende  and  green  or  brown  microlites,  thickly  dissemi- 
nated through  a  transparent  base,  in  which  sooty  magnetite  and 
cloudy  viridite  are  somewhat  abundant ;  under  a  moderately  high 
power  the  latter  is  observed  to  closely  resemble  certain  varieties  of 
chlorite.  Some  of  the  sections  prepared  from  this  rock  expose  irre- 
gular patches  of  transparent  base,  into  which  imperfect  hornblendic 
crystals  project  from  the  surrounding  mass,  as  observed  in  the  case 
of  hornblendic  slates  from  the  neighbourhood  of  Penzance.  This 
rock  sometimes  also  encloses  small  imperfect  crystals,  which  are 
probably  garnets ;  and  a  general  tendency  to  a  banded  arrangement 
of  its  constituent  minerals  is  observable. 

A  little  west  of  the  Camborne  station  the  same  mass  of  green- 
stone has  been  laid  open  by  the  railway-cutting ;  here  the  rock  is 
similar  to  that  last  described,  but  a  little  darker  in  colour,  and 
perhaps  somewhat  closer  in  texture.  It  is,  however,  traversed  both 
by  bands  and  veins  of  a  granular  brown  substance,  which  has  occa- 
sionally a  pinkish  or  greenish  tint.  As  in  the  case  of  specimens 
obtained  from  the  same  mass  of  rock  two  miles  further  west,  the 
minerals  distributed  through  the  base  exhibit  a  tendency  to  arrange 
themselves  in  nearly  parallel  bands. 

A  microscopical  examination  of  numerous  sections  from  this  loca- 
lity shows  no  considerable  difference  between  this  rock  and  that  from 
Cam  Camborne :  the  granular  brown  substance  before  referred  to 
as  occurring  in  specimens  from  this  cutting  consists  principally  of 
small  imperfect  garnets,  with  which  is  probably  associated  a  little 
axinite.  One  of  the  bands  of  greenstone  here  laid  open,  which  in 
hand  specimens  docs  not  appear  to  differ  materially  from  the  others, 
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is  seen,  in  thin  sections,  to  consist  principally  of  an  aggregation  of 
rounded  grains  of  quartz,  having  an  average  diameter  of  jfa  inch. 
These  are  closely  cemented  together  by  a  mineral  of  a  greenish 
colour ;  and  among  them  are  small  fragments  of  hornblende. 

At  South  Roskear  the  greenstone  is  coarser  and  more  slaty  in 
texture  than  at  Camborne ;  magnetite  occurs  more  plentifully,  but 
has  been  to  some  extent  replaced  by  a  siliceous  material ;  no  garnets 
were  observed  in  this  rock. 

The  specimens  obtained  from  East  Pool  are  rather  fine-grained, 
contain  a  less  amount  of  hornblende,  and  are  much  mottled  by  the 
presence  of  the  brown  crystalline  mineral  before  described.  Eighteen 
sections  of  rocks  from  this  district  were  cut  and  examined. 

Nbwlth  East. — At  North  Huel  Rose,  in  this  parish,  there  is  a 
band  of  greyish  greenstone,  which  is  not  laid  down  upon  the  Map 
of  the  Geological  Survey.  This  rock  has  a  very  compact  structure, 
almost  resembling  that  of  chert,  and  although  exceedingly  hard  and 
tough,  exhibits  distinct  evidence  of  a  disposition  to  break  into  plates. 
An  analysis,  in  duplicate,  afforded  the  following  results  (sp.  gr. 
3-02):— 

I.  II. 

Water  /  ty**0"6*™ *24  *20 

warer  \  combined -64      '      -52 

Silica 46-57  46-70 

Phosphoric  anhvdride     -63  -59 

Alumina " 19-50  19-74 

Ferric  oxide    1-84  1-81 

„     persulphide traces  traces 

Ferrous  oxide 12-80  12-81 

Manganons  oxide   trace  trace 

Lime  9-91  9-89 

Magnesia    3-93  3-84 

Potassa    -51  -53 

Soda    3-50  3-40 

Lithia trace  trace 


100-07  100-03 
Under  the  microscope  it  is  seen  to  consist  of  a  transparent  base, 
enclosing  matted  crystals  of  hornblende,  together  with  magnetite 
and  viridite.  Between  crossed  prisms  the  base  presents  the  ap- 
pearance of  a  coloured  mosaic,  indicating  its  granular  constitution. 
The  hornblende  is  disseminated,  principally  in  the  form  of  undulating 
filamentary  and  approximately  parallel  bands,  between  which  the 
base  is  more  or  less  charged  with  a  fiocculent  green  mineral ;  a 
nebulous  greyish  substance  is  also  usually  present,  and  angular 
patches  of  magnetite  are  somewhat  numerous.  Four  sections  of 
this  rock  were  examined. 

St.  Stephens. — At  Terrace,  about  a  mile  and  a  half  west  of  St.- 

Stephens  church,  there  is  a  large  blue  elvan,  which  has  for  many 

years  been  quarried  as  a  material  for  repairing  the  parish  roads. 

This  greenstone  is  not  shown  on  the  Geological  Map,  but  is  several 

Q.J.G.S.  No.  120.  n 
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fathoms  in  width,  and  has  a  direction  north  of  east  and  south  of 
west ;  its  dip  and  apparent  cleavage  very  nearly  coincide  with  those 
of  the  enclosing  slates.  Although  large  quantities  of  stone  have 
at  various  times  been  removed  from  this  locality,  the  quarry  has  not 
been  worked  in  such  a  way  as  to  expose  a  complete  transverse  section 
across  the  band.  It  is,  however,  evidently  traversed  for  a  con- 
siderable distance  by  a  nearly  perpendicular  fault ;  and  at  a  point 
about  two  hundred  fathoms  south-west  of  the  quarry  it  is  inter- 
sected by  the  Great  Terrace  Elvan.  This  elvan  is  remarkable  from 
the  circumstance  that  many  of  its  felspar  crystals  have  become  re- 
placed by  a  mixture  of  schorl  and  cassiterite,  which  at  different 
periods  has  caused  it  to  be  worked  as  a  source  of  tin-ore. 

A  fresh  specimen  of  this  rock  afforded  by  analysis  the  following 
results  (sp.  gr.  3-03)  :— 

I.  n. 

water  { combined -77  -67 

Silica 46-89  46-96 

Phosphoric  anhydride    «31  -32 

Alumina 20-46  20-53 

Ferric  oxide    2-19  2-09 

„      persulphide traces  traces 

Ferrous  oxide 11-15  11-18 

Manganous  oxide    trace  trace 

lime  8-37  8-42 

Magnesia     5-83  5-91 

Potassa  trace  trace 

Soda    3-87  3-80 


100-04  100-10 
Thin  sections,  examined  microscopically,  are  not  unlike  those  of 
the  rock  from  North  Huel  Rose,  excepting  that  the  hornblende  is 
disposed  in  more  regular  bands,  and  the  magnetite  is  also  more  dis- 
tinctly banded.  The  edges  of  the  green  hornblendic  stripes  are 
fringed  by  feathery  crystals  of  lhat  mineral ;  and  the  patches  and 
crystals  of  magnetite  are  often  cracked,  or  have  become  replaced  by 
a  siliceous  mineral. 

Between  the  nearly  parallel  hornblendic  bands  before  referred  to, 
the  transparent  colourless  base  is  traversed  by  acicular  hornblendic 
crystals,  the  longer  axes  of  which  lie  (mostly  in  one  direction)  in 
planes  coinciding  with  the  cleavage.  Viridite  is  always  present  in 
small  quantity ;  and  one  of  the  sections  prepared  from  this  rock  en- 
closes small  patches  of  a  blue  mineral,  which  is  perhaps  indicolite. 
Among  the  fissile  hornblendic  rocks,  several  have  been  observed  to 
contain  occasional  small  crystals  of  apparently  a  schorlaceous  mineral. 
Five  sections  of  the  Terrace  blue  elvan  were  cut  and  examined. 

It  will  be  observed  not  only  that  the  blue  el  vans,  or  greenstones, 
occurring  between  St.  Erth  on  the  west  and  St.  Stephens  on  the 
east,  although  varying  somewhat  in  the  relative  proportions  of  their 
several  constituents,  resemble  one  another  in  their  general  chemical 
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composition,  but  also  that  in  this  respect  they  do  not  materially 
differ  from  the  highly  crystalline  augitic  rocks  of  the  neighbourhood 
of  Penzance.  It  is  also  remarkable  that  in  all  these  rocks  the  pro- 
portion of  silica  is  very  nearly  constant.  The  greenstones,  how- 
ever, which  occur  between  these  limits  afford  distinct  indications  of 
slaty  cleavage ;  and  thin  sections  do  not  exhibit  the  distinctive 
angular  arrangement  of  crystals  commonly  seen  in  rocks  of  known 
igneous  origin. 

In  this  latter  respect  they  essentially  differ  from  a  greenstone 
quarried  in  a  field  known  as  the  Sanctuaries,  a  little  west  of  the 
town  of  St.  Austell,  where  the  central  portions  of  the  mass  enclose 
felspathic  and  other  crystals,  arranged  in  such  a  way  as  to  indicate 
the  probable  igneous  origin  of  the  rock.  Although  the  central 
portions  of  this  dyke  are  crystalline,  it  gradually  becomes  slaty  on 
either  side ;  and  it  is  consequently  difficult  to  trace  a  precise  line  of 
demarcation  between  it  and  the  enclosing  killas*. 

With  regard  to  the  blue  elvans  found  between  St.  Erth  and 
St.  Stephens,  it  may  be  remarked  that  their  texture  is  frequently 
coarser  in  the  centre  than  towards  the  sides  of  the  bands,  and 
that  they  eventually  merge  into  the  enclosing  rocks,  of  which  they 
gradually  assume  the  structure  and  cleavage.  Their  ultimate  che- 
mical composition  agrees  closely  with  that  of  the  crystalline  au- 
gitic rocks  before  described  ;  but  their  structure  is  invariably  slaty, 
and  thin  sections  do  not  exhibit  any  of  the  characteristics  peculiar 
to  igneous  rocks.  It  follows  that  if  these  were  originally  igneous 
rocks  other  than  ash-beds,  they  must  have  been  subjected  to  the 
action  of  influences  by  which  the  arrangement  of  their  constituent 
minerals  has  been  completely  changed  and  slaty  cleavage  produced. 
They  are  met  with  only  in  the  neighbourhood  of  the  granite,  or  in 
the  vicinity  of  elvan  courses ;  and  when  describing  those  in  the  dis- 
trict around  Camborne,  Messrs.  Von  Oeynhausen  and  Von  Dechen 
state  that  they  have  not  the  appearance  of  regular  dykes  or  veins 
enclosed  in  clay-slatesf.  The  greenstones  occurring  in  the  killas 
surrounding  the  granite  of  Dartmoor  are  described  by  the  same  geolo- 
gists as  being  of  a  highly  schistose  character,  suggestive  of  the  pro- 
bability of  their  being  highly  metamorphosed  slates. 

Summary. 
The  foregoing  facts  may  be  briefly  summarized  as  follows. 
The  rocks  of  the  so-called  greenstone  district  of  Penzance  belong 
principally  to  three  distinct  classes : — 

*  The  writer  some  years  ago  examined  this  greenstone,  and  described  it 
(Phil.  Mag.  vol.  xli.  p.  97,  1871)  as  being  probably  a  diorite  which  had  urder- 
gone  extensive  alteration.     Since  that  time  the  quarry  has  been  extensively 


substance,  and  apatite.  It  is  therefore  more  probable  that  this  is  a  highly 
altered  rock  belonging  to  the  class  found  near  St  Michael's  Mount  and  in 
various  other  localities  in  the  neighbourhood  of  Penzance,  St.  Ires,  and  the 
Gurnard's  Head. 
t  Phil.  Mag.  vol.  v.  p.  247.     London,  1829. 

n2 


Digitized  by  VjOOQ IC 


178  j.  a.  rniujps  on  the  so-callhd 

a.  Gabbros  or  doleritee,  in  which  the  originally  constituent 
minerals  are  occasionally,  to  a  great  extent,  unchanged,  but  are 
sometimesalmost  entirely  represented  by  pseudomorphic  forms. 

6.  **  Killas,"  or  ordinary  clay-slates. 

c.  Highly  basic  hornblendic  rocks,  which  exhibit  a  tendency  to 
break  into  thin  plates ;  these,  under  the  microscope,  present 
the  characteristic  appearance  of  metamorphic  slates. 

In  addition  to  the  foregoing,  there  are  various  slaty  rocks  of  a 
character  intermediate  between  6  and  c,  as  in  the  village  of  Newlyn, 
and  on  the  western  side  of  the  valley  north  of  Tolcarn. 

It  follows  that  these  rocks  have  been  more  correctly  described  by 
some  of  the  earlier  geologists  than  by  the  more  recent  observers,  who 
have  regarded  them  either  as  being  exclusively  "  greenstones,"  or  as 
consisting  of  metamorphosed  slates  only. 

The  rocks  of  the  Cape-Cornwall  district,  coloured  as  greenstones 
on  the  Geological  Map,  are  principally  hornblendic  slates,  which  some- 
times enclose  veins  or  bands  of  garnet,  magnetite,  or  axinite.  Minute 
garnets  are  not  unfrequently  disseminated  throughout  these  slates. 

The  rocks  in  the  neighbourhood  of  the  Gurnard's  Head  are  almost 
identical  in  character  with  those  on  the  shores  of  Mount's  Bay ;  but 
the  slates  are  generally  darker  in  colour,  and  are  perhaps  somewhat 
more  crystalline  in  structure,  while  the  gabbros  or  dolerites  have 
sometimes  been  subjected  to  a  still  higher  degree  of  metamorphism. 

The  crystalline  pyroxenic  rooks  and  metamorphic  slates  of  the 
St-Ives  district  exactly  resemble  those  in  the  neighbourhood  of 
Penzance. 

The  greenstones  exposed  between  St.  Erth  and  St.  Stephens,  un- 
like the  hornblendic  and  augitic  rocks  of  the  other  districts,  do  not 
occur  in  the  immediate  vicinity  of  granite ;  but  elvan  courses  are 
invariably  found  at  no  considerable  distance  from  them.  The  struc- 
ture of  these  rocks  would  indicate  that  they  are  probably  altered 
ash-beds  or  hardened  hornblendio  slates,  frequently  containing 
pyrites  and  minute  garnets,  with  perhaps  axinite  and  some  other 
minerals.  Neither  augite  nor  diallage  was  detected  in  any  of  the 
sections  examined. 

It  is  worthy  of  remark,  that  the  chemical  composition  of  these 
slaty  greenstones,  or  blue  elvans,  does  not  materially  differ  from 
that  of  the  gabbros  or  dolerites  in  the  neighbourhood  of  Penzance, 
the  percentage  of  silica  in  the  two  series  being  as  (will  be  observed) 
nearly  constant. 

The  hornblende  slates  contain  about  ten  per  cent,  less  silica  than 
the  crystalline  pyroxenic  rocks;  and  there  is  an  excess  of  iron 
oxides  present  to  nearly  the  same  extent ;  in  other  respects  their 
composition  is  very  similar. 

Apatite  is  to  be  detected  by  the  microscope  in  thin  sections  of  the 
angitic  rocks  only  ;  but  phosphoric  anhydride  is  to  a  small  extent 
present  in  rocks  belonging  to  each  of  the  several  classes. 

The  killas  is  a  highly  siliceous  rock  essentially  differing  from  the 
foregoing  in  chemical  composition. 
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Discussion. 

Mr.  Sorby  stated  that  be  had  come  to  nearly  the  same  conclusions 
with  Mr.  Phillips  with  respect  to  these  rocks. 

Dr.  C.  Lb  Neve  Foster  agreed  with  the  author  in  considering 
some  of  these  so-called  greenstones  altered  rocks,  and  not  intrusive, 
as  had  been  supposed.  He  congratulated  geologists  on  having  such  a 
combination  of  chemical  and  microscopical  analysis  as  that  furnished 
by  Mr.  Phillips. 

Mr.  Eutlbt  thought  that  many  of  the  bands  might  be  identical 
with  those  occurring  in  Devonshire,  especially  near  Tavistock.  The 
dipping  away  from  the  granite  described  by  the  author  might  be 
due  to  the  granite  having  been  subsequently  intruded.  He  thought 
it  probable  that  many  of  the  beds  referred  to  may  be  ash-beds,  and 
that  it  was  quite  possible  the  schistose  character  might  be  super- 
induced in  beds  of  ashes  by  the  pressure  of  superincumbent  rocks. 
The  mapping  of  Sir  Henry  De  la  Beche  is  remarkable  for  the  accuracy 
with  which  these  boundary-lines  are  drawn ;  furthermore  his  deter- 
minations of  these  rocks,  as  shown  in  his  report,  are  either  absolutely 
correct  or  close  approximations  to  the  truth,  although  the  small  scale 
of  the  map  does  not  permit  this  to  be  shown. 

Mr.  Koch  remarked  that,  in  considering  the  nature  and  origin  of 
such  rocks  as  these,  we  ought  to  notice  what  rocks  overlie  them, 
and  to  take  into  account  the  probable  effects  of  water  percolating 
through  such  overlying  beds  and  containing  much  carbonic  acid, 
by  deposition  of  silica  and  removal  of  carbonate  of  lime.  The 
analysis  of  the  killas  given  by  the  author  was  almost  that  of  altered 
trachyte.  He  thought  that  in  such  investigations  the  microscope 
must  be  our  principal  guide,  but  aided  by  the  consideration  of  the 
relative  positions  of  the  rocks. 

Prof.  Ramsay  inquired  what  was  the  definition  of  a  volcanic  rock. 
He  thought  that  volcanic  rocks  were  either  lavas  or  ashes,  and  that 
it  was  dangerous  to  affirm  that  the  blue  elvans  were  ashes  in  so 
metamorphic  a  district. 

Prof.  Maskblyne,  after  thanking  the  author  for  his  paper, 
inquired  as  to  the  meaning  in  which  he  used  the  terms  "  gabbro  " 
and  u  igneous  rock."  He  also  remarked  that  it  was  strange  to  find 
apatite  the  only  mineral  that  was  unaltered. 

Mr.  Drew  inquired  as  to  the  possible  future  colouring  of  the 
Survey  Map  of  this  district.  It  appeared  from  the  author's  paper 
that  the  parts  coloured  as  "greenstone"  in  the  present  maps 
included  various  rocks  which  ought  to  be  subdivided. 

The  Author,  in  his  reply,  stated  that  igneous  rocks  have  a  certain 
amount  of  cleavage,  which  is  often  rendered  very  distinct  by 
weathering.  The  crystals  of  hornblende  are  very  distinct  in  the 
rocks  described.  Qabbro  is  a  felspathic  rock  with  diallage,  sma- 
ragdite,  or  hypersthene  instead  of  augite :  but  with  regard  to  some 
of  them  it  may  be  doubtful  whether  they  are  gabbros  or  dolerites. 
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20.  Haematite  in  the  Silurians.     By  J.  D.  Kendall,  Esq.,  F.G.8. 
(Read  March  8, 1876.) 

In  a  paper  read  last  session  before  the  Society,  I  pointed  out  some 
of  the  most  important  features  of  the  Haematite  deposits  that  occur 
in  the  Carboniferous  Limestone  of  Cumberland  and  Lancashire. 
Amongst  other  things  I  showed  that  the  direction  of  the  deposits 
was  invariably  parallel  to  that  of  the  meridional  divisional  planes 
by  which  the  rocks  are  intersected ;  and  as  an  explanation  of  that 
fact  I  suggested  that  the  haematite  had  probably  been  deposited  in 
caverns  which  had  been  hollowed  out  by  chemical  action  along  the 
meridional  planes,  or  that  the  haematite  had  replaced  the  Limestone 
along  those  lines. 

The  paper  also  briefly  referred  to  the  deposits  of  haematite  in  the 
Silurians  of  the  same  districts,  and  went  to  show  that  these  deposits 
(which  are  in  the  form  of  veins),  like  those  in  the  Carboniferous 
Limestone,  were  in  direction  parallel  to  the  divisional  planes.  There 
was,  however,  this  difference  between  these  Silurian  deposits  and 
those  in  the  Carboniferous  Limestone,  that  whereas  all  the  deposits 
in  the  latter  were  parallel  to  one  another,  and  had  a  direction  nearly 
north  and  south  (that  is  the  same  as  the  meridional  divisional 
planes),  those  in  the  Silurian  had  two  directions,  some  being  parallel 
to  one  set  of  divisional  planes  and  some  to  the  other. 

Since  the  delivery  of  that  paper  I  have  had  an  opportunity  of 
examining  a  Silurian  deposit  which  appears  to  me  to  be  altogether 
unlike  (as  regards  the  relation  between  the  direction  of  the  deposit 
and  the  divisional  planes)  either  those  deposits  to  which  I  before 
alluded  in  the  same  series  of  rocks,  or  those  in  the  Carboniferous 
Limestone.  I  therefore  deem  it  may  be  interesting  to  the  Society 
if  I  give  an  account  of  my  observations  on  that  deposit. 

The  deposit  to  which  I  refer  is  in  the  parish  of  Millom  and 
county  of  Cumberland,  and  is  now  being  worked  by  the  Water- 
Blean  Mining  Co.,  their  works  being  known  as  the  Water-Blean 
Mines. 

The  geological  structure  of  the  district  in  which  the  deposit 
occurs  is  somewhat  as  shown  in  the  following  plan  and  section 
(figs.  1  and  2). 

The  Silurians  are  all  conformable,  and  strike  about  65°  N.E.  and 
S.W.,  with  a  dip  of  about  80°  to  the  N.W.  Their  order  is  thus 
inverted,  the  Limestone  appearing  to  dip  in  below  the  Ash- beds, 
and  the  Flags  below  the  limestone,  whereas  in  reality  the  Ash- 
beds  underlie  the  Limestone,  which  in  its  turn  forms  the  base  of  the 
Flags. 

The  Limestone  is  part  ojf  that  narrow  band  which  stretches  through 
the  country  in  a  nearly  straight  line  from  Millom  to  Shap,  a  distance 
of  about  thirty  miles.  It  is  in  this  rock  that  the  haematite  occurs 
to  which  I  wish  to  call  attention.     The  form  of  the  deposit  (or, 
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Fig.  1.  Plan  of  arrangement  of  Hasmatite  deposits,  Afillom, 
Cumberland. 


A.  Carboniferous  Limestone. 

B.  Coniston  Flags ] 

G.  Coniston  Limestone Silurian. 

D.  Ash-beds  (Green  Slates  and  Porphyries) 

—  Haematite  Veins. 

a,  b.  Line  of  Section,  fig.  2. 

Fig.  2.    Vertical  Section  across  Haematite  deposits,  Mittom,  Cumber- 
land,  in  line  a,  b,  fig.  1. 


For  explanation  se  e  fig.  1. 

rather,  deposits ;  for  there  are  several  of  them)  is  that  of  short  veins, 
which  vary  in  width  from  a  few  inches  to  9  feet.  The  ore  is  very 
hard,  and  has  a  high  red  stain,  and  where  it  joins  the  Limestone 
appears  in  most  cases  to  be  grown  to  that  rock,  as  the  ore  in  the 
Carboniferous  Limestone  is  with  it.  The  direction  of  the  veins  is 
about  65°  N.E.  and  S.W.,  and  they  dip  at  an  angle  of  about  80°  to 
the  N.W.  The  following  vertical  cross  section  (fig.  3)  will  partly 
show  their  mode  of  occurrence. 
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Fig.  3.    Vertical  Section  of  Hinnatitc  vein. 


A.  Glacial  drift.        B.  Limestone.        C.  Haematite.        d,d,d.  Bed -joint*. 

The  direction  and  dip  of  the  veins,  it  will  be  observed,  are  exactly 
the  same  as  the  direction  and  dip  of  the  bed-joints  of  the  lime- 
stone, the  strike  of  both  being  about  65°  N.E.  and  8.W.,  and  their 
dip  about  80°  to  the  N.W.  This  is  the  point  which  I  wish  chiefly 
to  place  before  the  Society.  In  the  paper  before  referred  to,  as 
already  stated,  I  pointed  out  that  the  haematite  deposits  in  the  Car- 
boniferous Limestone  of  Whitehaven  and  Furness  invariably  coin- 
cide in  direction  with  the  meridional  divisional  planes  intersecting 
that  rock,  and  that  the  deposits  in  the  Silurian  slates  at  Knock  - 
murton,  near  Whitehaven,  have  two  directions,  which  coincide  with 
either  one  or  the  other  of  the  divisional  planes  of  those  rocks.  The 
Water-Blean  deposit,  however,  appears  to  me  to  be  different  from 
either  of  these,  the  deposition  of  the  ore  having  taken  place  along  the 
bed-joints  of  the  rock.  In  some  of  the  Whitehaven  deposits,  as  at 
Parkside  and  Bigriggt  Moor,  a  phenomenon  somewhat  similar  to 
this  is  to  be  seen,  as  shown  in  fig.  4,  which  is  a  vertical  section  of 
the  Parkside  deposit ;  but  there  the  strata  lie  at  such  a  low  angle 
that  the  ore-deposit  is  more  like  a  bed  than  a  vein.  Their  likeness 
to  the  Water-Blean  deposit*,  however,  is  only  partial ;  for,  notwith- 
standing their  bed-like  appearance,  and  the  fact  of  their  being 
parallel  to  the  bed-joints  of  the  rocks,  the  deposits  nevertheless 
have  their  longest  axis  parallel  to  the  meridional  divisional  planes ; 
and  the  strike  of  the  rocks  does  not  in  any  way  determine  the  direction 
of  the  deposits,  as  it  does  at  Water  Blean. 

The  direction  of  the  Water-Blean  deposit  is  exactly  the  same  as 
the  strike  of  the  rocks  in  which  it  occurs,  and  altogether  different  from 
the  directions  of  either  of  the  divisional  planes. 
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Fig,  4.  Vertical  section  of  Haematite  vein  in  Carboniferous  Limestone 
at  ParJcside. 


A.  Prill.  C.  Haematite. 

B.  Millstone  Grit.  D.  Carboniferous  Limestone. 

A  question  which  here  naturally  suggests  itself  is,  Why  was  not 
the  ore  deposited  along  the  meridional  divisional  planes  of  the  Lime- 
stone at  Water  Blean,  in  the  same  way  that  it  is  in  the  Carboniferous 
Limestone  of  Furness  and  Whitehaven  ?  To  answer  that  question 
it  appears  to  me  to  be  necessary  to  state  that  the  bed-joints  in  the 
Limestone  at  Water  Blean  are  much  more  persistent  than  the  divi- 
sional planes  are,  the  latter  being  very  irregular  in  direction,  and 
not  by  any  means  so  strong  and  open  as  the  bed-joints.  We  should 
therefore  naturally  expect  the  carbonated  water  to  act  most  power- 
fully on  the  bed-joints,  as  it,  in  my  opinion,  for  the  same  reason,  has 
done  on  the  meridional,  in  preference  to  the  transverse  divisional 
planes  in  the  Carboniferous  Limestone  of  the  district  of  Whitehaven 
and  Furness. 

Discussion. 

Mr.  Forbes  considered  that  this  paper  was  equivalent  to  a  with- 
drawal on  the  part  of  the  author  of  the  opinions  expressed  in  his 
former  paper.  Mr.  Forbes  maintained  that  the  direction  of  the 
vein-like  deposits  is  due  to  their  being  formed  in  preexisting  fissures, 
into  which  the  haematite  has  been  injected.  When  haematite  is 
found  in  caverns  it  has  been  washed  in  by  water. 

Prof.  Hughes  thought  that  the  only  rule  as  to  the  mode  of  oc- 
currence of  these  deposits  was  dependent  on  the  direction  of  the 
joints  and  bedding,  pointing  out  that  in  the  Mountain  Limestone  it 
was  determined  chiefly  by  the  joints,  while  in  the  highly  inclined 
Coniston  Limestone  the  ore  was  found  along  the  Limestone  bands, 
which  were  separated  by  impervious  shales. 

Mr.  Wabihgton  W.  Smyth  remarked  that  this  is  a  problem  in  the 
investigation  of  which  great  caution  is  necessary.  In  some  localities 
undoubtedly  the  veins  of  haematite  have  a  general  direction  ;  and  in 
many  cases  there  is  a  considerable  coincidence  of  the  veins  of 
haematite  with  joints. 
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21.  Observations  on  the  Uneuual  Distribution  of  Drift  on  op- 
posite 8IDB8  of  the  Pennine  Chain,  in  the  country  about  the  source 
of  the  riyer  Calder,  with  Suggestions  as  to  the  causes  which  led 
to  that  result,  together  with  some  Notices  on  the  High- level 
Drift  in  the  upper  part  of  the  Valley  of  the  river  Irwell. 
By  John  Attken,  Esq.,  F.G.S.     (Read  June  23,  1875.) 

[Abridged.] 

For  many  years  past  the  attention  of  geologists  has  been  more  or 
less  directed  to  the  fact  that  a  marked  difference  exists  in  the  distri- 
bution of  drift  on  opposite  sides  of  the  Pennine  chain,  a  difference 
amounting  in  some  instances  to  an  entire  absence  of  that  material  on 
the  easterly  slopes  for  many  miles  from  the  watershed  of  the  country, 
and  over  a  considerable  portion  of  its  length,  notwithstanding  that 
these  deposits  overspread  the  great  plains  of  Lancashire  and  Cheshire 
in  great  force,  and  are  found  mounting  up  upon  the  flanks  of  those 
hills  on  their  western  sides  to  very  considerable  elevations,  ap- 
proaching closely  in  some  cases  to  the  culminating  ridge,  and  in 
others,  where  the  chain  is  crossed  by  intersecting  valleys,  to  some 
hundreds  of  feet  in  excess  of  the  summit-level  of  these  gorges.  It 
would  further  appear  from  facts  hereafter  to  be  adduced,  that 
although  some  of  these  cross  valleys  attain  to  only  very  moderate 
altitudes,  no  communication  existed  during  the  glacial  period  of 
such  a  character  as  to  permit  of  the  passage  of  a  body  of  land  ice 
from  one  side  of  the  chain  to  the  other.  Whilst,  however,  these 
phenomena  have  not  wholly  escaped  the  notice  of  those  observers 
who  have,  more  particularly  of  late  years,  directed  their  attention  to 
the  surface  accumulations  of  the  northern  counties  of  England, 
allusion  having  been  made  to  the  subject  by  Messrs.  Binney,  Tidde- 
man,  Green,  Foster,  Dakyns,  Goodchild,  and  others,  yet  no  serious 
attempt  has,  I  believe,  so  far  been  made  to  grapple  fully  with  the 
subject  by  any  of  those  who  have  hitherto  given  attention  to  it. 

The  subject  has  long  perplexed  me,  amongst  other  observers ;  and 
it  is  only  after  a  lengthened  consideration  that  I  have  ventured  to 
suggest  a  theory  which,  whilst  offering  an  explanation  of  the  pheno- 
mena, does  no  violence  to  any  of  the  well-established  principles  of 
physical  or  geological  science.  My  object,  then,  in  presenting  the 
present  communication  is  to  show  that  the  whole  of  these  pheno- 
mena are  explicable  on  the  supposition  that,  during  the  flow  of  the 
great  ice-sheet  over  this  region,  these  intersecting  channels  were 
sealed  and  blocked  up  so  effectually  as  to  completely  cut  off  all  com- 
munication between  the  eastern  and  western  sides  of  the  chain,  and 
that  the  only  agency  fully  meeting  the  requirements  of  this  supposi- 
tion is  that  of  ice  or  snow  so  consolidated  and  fixed  in  the  sinuous 
channels  as  to  remain  stationary  and  inert  while  the  great  mass 
of  glacial  ice,  in  two  sheets  separated  by  the  more  elevated  portions 
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of  the  great  anticlinal  range,  traversed  its  eastern  and  western  sides 
on  its  march  from  north  to  south. 

That  vast  masses  of  drift  deposits  overspread  the  wide  plains  of 
Western  Lancashire  and  adjoining  counties,  extending  from  the 
Irish  Sea  in  one  unbroken  sheet  to  the  slopes  of  the  Pennine  Hills, 
and  thence  mounting  up  to  higher  levels,  and  penetrating  almost 
every  upland  valley  and  mountain-gorge  to  considerable  elevations, 
is  too  well  known  and  too  generally  acknowledged  to  require  any 
amplification  from  me  on  the  present  occasion. 

A  great  number  of  facts,  and  the  statements  of  various  autho- 
rities as  to  the  altitude  of  high-level  drift  on  the  western  slopes 
of  the  Pennine  chain,  indicate  a  general  elevation  of  from  1100 
to  1200  feet,  whilst  scattered  boulders  and  pebbles  of  travelled  rocks 
may  be  detected  at  various  places  in  the  locality  some  200  feet  in 
excess  of  that ;  and  I  contend  that  these  more  elevated  stray  boulders 
and  pebbles  owed  their  origin  to  icebergs  during  the  interglacial 
period,  and  not  to  the  period  of  land  ice. 

I  wish  particularly  to  direct  attention  to  the  circumstance  of  drift 
having  been  found  at  an  elevation  of  930  feet  above  sea-level,  on 
the  shoulders  of  the  hills  on  both  sides  of  the  southerly  termination 
of  the  Walsden  defile  at  the  summit  near  Littleborough,  whilst 
all  traces  of  them  vanish  in  a  line  almost  coincident  with  the 
watershed  of  the  valley,  which  has  an  elevation  of  627  feet,  beyond 
which  no  accumulations  of  this  character  are  met  with  in  travelling 
east  for  a  distance  of  about  15  miles.  The  first  indication  of  their 
presence  as  a  regular  bed  of  drift  occurs  in  the  valley  of  the  Calder  at 
North  Dean,  near  Halifax,  where,  in  sinking  for  the  foundations  of 
a  railway  viaduct,  the  following  section  was  observed  by  Mr.  James 
Spencer,  of  Halifax,  to  whom  I  am  indebted  for  the  accompanying 
particulars : — 

ft. 

Soil   1 

Fine  alluvial  sand   8 

Gravel  derived  from  local  rocks 2 

Gravel  containing  granite,  trap,  slate,  and  Silurian  rocks    3 

Total 14 

It  is,  however,  stated  that  an  occasional  pebble  foreign  to  the 
district  has  been  noticed  in  the  bed  of  the  river  Calder,  a  little 
further  to  the  west  than  the  spot  just  named*. 

Close  to  the  railway  bridge  at  Elland,  in  the  bank  on  the  south 
side  of  the  river  Calder,  under  about  5  feet  of  sandy  loam,  a  bed  of 
gravel  exists,  about  4  feet  of  which  is  exposed,  and  which  I  am 
informed  by  Mr.  Davis,  F.G.S.,  of  Greetland,  has  been  proved  by  a 
well-sinking  to  be  from  15  to  20  feet  in  thickness,  in  which  red 

*  Dr.  Alexander,  in  describing  the  geology  of  the  parish  of  Halifax,  in  the 
'Tracts'  of  the  Geological  and  Polytechnic  Society  of  the  West  Biding  of 
Yorkshire,  3rd  June,  1841,  p.  201,  mentions  that  "  in  prosecuting  the  works  on 
tbe  line  of  railway  tome  blocks  of  granite  bad  been  found  near  Hebden  Bridge ;" 
and  Mr.  Binney  also  informs  me  that  he  has  seen  foreign  pebbles  at  Hebden 
Bridge. 
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granite,  Silurian  porphyritic  greenstone,  and  other  foreign  pebbles 
occur ;  and  at  and  below  this  point  examples  of  these  rocks  may  be 
detected  in  the  bed  of  the  river  wherever  gravel  is  exposed.  This  is 
situated  at  an  elevation  of  about  200  feet  above  the  sea  level. 

At  the  Elland  railway-station,  the  following  section  has  been 
exposed  by  some  recent  operations  of  the  Company : — 

ft  in. 

Soil 1  4 

Fine  subanjrular  gravelly  surface  wash 2  6 

Loamy  sand    fiinchesto  1  0 

Fine  sandy  gravel 2  6 

Gravel  ooaraer  than  that  above ;  stones  all  waterworn 
and  much  abraded,  of  local  origin,  resting  upon  a 

bed  of  Carboniferous  shale   5  0 

Total   12    4 

At  the  cemetery,  a  few  hundred  yards  to  the  north-west  of  the 
last-named  place,  and  at  an  elevation  of  about  300  feet,  a  bed  of 
gravel,  sand,  and  loam,  varying  in  thickness  from  5  to  10  feet,  ana- 
logous in  character  to  the  section  last  described,  reposes  upon  the 
Carboniferous  shale.  And  in  the  Shibden  valley,  deposits  precisely 
similar  to  these  are  found  at  about  a  corresponding  elevation. 

In  the  three  last-named  instances  the  stones  composing  the  gravel 
consist  of  well-rounded  waterworn  rocks,  derived  exclusively  from 
the  basin  of  the  Calder  and  its  tributaries,  not  a  foreign  pebble  being 
found  incorporated  with  them.  This  gravel  may  therefore  be  re- 
garded as  having  a  purely  local  origin,  and  probably  dates  from  the 
time  when  the  river  ran  at  this  level,  and  is  consequently  in  no 
way  connected  with  the  glacial  drift  which  occurs  in  the  valley 
below. 

Precisely  analogous  conditions  to  those  already  described  as  oc- 
curring in  the  Walsden  defile  exist  in  the  Cliviger  valley,  the  drift 
running  up  on  the  sides  of  the  hills  near  the  entrance  of  the  gorge 
to  a  height  of  1075  feet,  its  southerly  termination  taking  place  both 
on  the  sides  of  the  hills  and  in  the  valley  in  a  line  almost  cor- 
responding with  the  summit-level  of  the  latter  at  Calder  Head,  which 
has  an  elevation  of  768  feet 

It  appears  from  a  paper*  read  some  time  ago  by  Mr.  E.  H.  Tid- 
deman,  of  the  Geological  Survey,  that  a  very  similar  state  of  things 
occurs  with  regard  to  the  distribution  of  drift  in  the  great  water- 
shed of  the  north,  opening  between  the  basins  of  the  Kibble  and 
the  Aire,  which  has  a  summit-level  of  700  feet.  No  ice-scratches 
are  shown  on  the  excellent  map  which  accompanies  that  paper  as 
existing  east  of  the  watershed  of  the  Pennine  range  in  that  part  of 
the  country ;  and  those  which  do  occur  near  to  that  line  run,  with 
one  exception,  in  a  direction  closely  approaching  to  north  and 
south. 

*  "On  the  Evidence  for  the  Ice-sheet  in  North  Lancashire  and  adjacent 
parts  of  Yorkshire  and  Westmoreland,"  Quart  Journ.  Geol.  Soo.  for  Nov.  1872, 
p.  478,  a  contribution  the  value  of  which  it  is  difficult  to  overestimate. 
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In  the  southerly  portion  of  the  chain  the  behaviour  of  the  drift  in 
the  neighbourhood  of  Castleton  (a  town  situated  just  beyond  the 
central  axis,  on  the  easterly  slope  of  the  range)  entirely  corresponds 
with  the  instances  already  adduced ;  and  this  is  confirmed  by  the 
following  quotation  from  a  paper  by  Prof.  W.  B.  Dawkins*: — 
"  From  what  I  can  see,  there  is  nothing  whatever  in  this  deposit 
to  separate  it  from  the  superficial  deposits  in  the  valley  near  Cas- 
tleton, which  you  will  find  pretty  well  everywhere.  When  I  ex- 
amined these  the  other  day  in  the  company  of  Mr.  Prestwich  and 
Mr.  Tiddeman,  we  came  to  the  conclusion  that  they  are  not  glacial, 
but  the  result  of  subaerial  wear  and  tear  of  the  rocks  in  the  neigh- 
bourhood." These  examples  will,  I  trust,  suffice  to  show  that  over 
this  large  area,  extending  from  Skipton  in  the  north,  by  Tod- 
morden,  to  Castleton  in  the  south,  a  general  absence  of  drift  de- 
posits and  of  all  other  indications  of  glacial  action  characterizes  the 
eastern  slope  of  the  great  axial  chain  in  this  division  of  the  country, 
thus  establishing  the  first  part  of  the  proposition  with  which  I  set 
out. 

We  may  now  inquire  if  there  is  any  legitimate  reason  for  sup- 
posing that  drift  was  at  one  time  deposited  over  the  now  barren 
area,  and  that  its  absence  at  the  present  time  is  to  be  accounted  for 
by  subsequent  denudation,  as  suggested  by  Mr.  Tiddeman  in  the 
paper  previously  referred  to.  It  appears  to  me,  from  a  full  con- 
sideration of  all  the  facts,  exceedingly  problematical  that  this  can 
have  been  the  case ;  for  it  is  difficult,  if  not  impossible,  to  conceive  of 
any  known  force  which  could  act  in  so  capricious  and  anomalous  a 
manner  as  to  have  swept  and  cleared  off  the  surface  of  the  driftless 
area  to  the  east  so  completely  that  not  a  trace  of  its  former  existence 
should  remain,  even  in  the  deep  sheltered  valleys  which  intersect  the 
district  in  all  directions  and  thus  present  conditions  of  the  most 
favourable  character  for  its  preservation,  and  yet  at  the  same  time 
leave  intact  the  vast  bodies  of  drift  which  so  completely  envelop 
the  country  to  the  west. 

The  drift  found  in  the  lower  reaches  of  the  eastern  valleys  was 
probably  derived  from  the  section  of  the  great  ice  sheet  which 
traversed  that  side  of  the  country;  and  its  presence  there  is  no 
indication  of  its  having  been  carried  through  the  cross  valleys  from 
the  west. 

Having  so  far  endeavoured  to  prove,  and,  I  hope,  successfully,  that 
a  marked  difference  exists  in  the  distribution  of  drift  on  the  two 
sides  of  the  Pennine  chain,  it  now  remains  to  show  that  this  pheno- 
menon has  in  all  probability  been  induced  by  the  valleys  in  question 
having  been  blocked  up  during  the  glacial  period  by  accumulations 
of  ice  or  snow  held  firmly  in  their  places  by  the  physical  and  other 
characters  of  the  gorges  themselves,  acting  in  combination  with  the 
force  exerted  by  glaciers  pressing  against  the  ends  of  these  blocked - 
up  channels,  thus  effectually  holding  stationary  the  imbedded  masses 
in  the  places  of  their  deposition. 

*  Trans.  Manchester  Geological  Society,  toI.  xiii.  p.  124. 
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For  a  fall  and  dear  ttKnnrehension  of  Ink  subject,  it  will  he 
necessary  to  glance  at  the  physical  and  geographical  features  of  the 
district  and  to  trace  their  relation  and  bearing  to  the  surrounding 
country.  In  treating  of  this  branch  of  the  subject,  our  attention 
will  be  principally  directed  to  that  part  lying  between  Burnley  and 
Iittleborough  on  one  side,  and  Todmorden  on  the  other — a  district 
embracing  the  deep  valleys  of  Chviger  and  Walsden,  in  which  are 
contained  the  two  lowest  watersheds  in  the  whole  of  this  central 
range  of  hills. 

If,  then,  we  take  Todmorden  as  the  central  point  of  the  district, 
from  which  to  commence  our  observations,  we  shall  find  that  that  town 
is  situated  almost  on  a  line  with  the  highest  summits  of  the  Pennine 
Hills,  in  a  deep  gorge  at  die  junction  of  the  two  streams  which  flow 
through  the  two  defiles  already  mentioned,  and  on  the  main  axis  of 
that  series  of  dislocations  known  as  the  great  Pennine  fault,  which  run 
in  a  line  roughly  coincident  with  the  Walsden  and  Oiviger  ralleys, 
and  the  effect  of  which  has  been,  not  only  to  fracture  and  break  up 
the  rocks  to  a  marvellous  extent,  but  also  to  cause  a  reversal  in  the 
dip  of  the  strata,  those  on  the  east  dipping  at  an  angle  of  about 
5°  to  the  SJ£.,  and  those  to  the  west  declining  at  an  angle  of  from 
20°  to  45°  to  the  WAW. 

Starting  from  this  centre,  three  valleys  radiate  in  different  direc- 
tions, in  lines  almost  equidistant  from  each  other : — one  stretching 
off  through  Walsden  to  Littleborough  for  a  space  of  about  5  miles  in 
a  direction  a  little  W.  of  S. ;  another  taking  a  N.W.  course  through 
the  sinuous  gorge  of  Qiviger  to  Burnley,  a  distance  of  about  8  miles ; 
whilst  the  third,  the  valley  of  the  Calder,  takes  an  E.N  JS.  direction. 

The  appearance  thus  presented,  when  traced  on  a  geological  map, 
reminds  one  forcibly  of  the  device  which  characterizes  the  Manx 
copper  coinage.  By  an  examination  of  these  arms,  we  shall  find 
that  they  are  three  deep,  narrow,  rocky,  tortuous  channels,  hemmed 
in  on  every  side  by  massive  walls  of  rock,  cut  into  at  intervals 
along  their  course  by  the  entrance  of  tributary  streams. 

The  watersheds  of  the  Walsden  and  Cliviger  valleys  are  at  a  com- 
paratively low  level,  that  of  the  first  having  an  altitude  of  627  feet 
above  sea-level,  and  being  eaten  into  to  a  depth  of  330  feet  below 
the  shoulder,  or  first  platform  bounding  the  valley*;  whilst  that  of 
the  second  is  crossed  at  an  elevation  of  768  feet,  and  is  excavated  to 
a  depth  below  the  immediate  country  of  475  feet,  a  depression  which 
would  be  greatly  increased  if  the  summit-level  of  the  surrounding 
hills  were  taken  as  the  datum-line  for  measurement. 

The  valley  of  the  Calder,  which  forms  the  line  of  drainage  through 
which  the  waters  of  the  aforesaid  tributary  valleys,  from  their 
junction  at  Todmorden,  pass  off  to  the  German  Ocean,  is  cut  in  to 
a  depth  considerably  in  excess  of  those  already  described. 

If,  then,  we  view  these  valleys  in  relation  to  the  initial  period  of 

their  formation,  structure,  and  physical  characters,  the  total  absence 

of  drift  or  other  indication  of  ice-action  within  their  boundaries,  or 

the  marked  contrast  presented  in  the  configuration  of  these  and  other 

*  Prof.  Hull,  Oeol.  Mag.  yol.  Hi.  p.  47*>. 
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valleys  in  the  neighbourhood,  and  the  general  surface-contour  of  the 
surrounding  district  as  compared  with  the  country  on  the  western 
slope  of  the  chain  immediately  beyond  the  watershed,  where  ice  is 
known  to  have  been,  and  where  the  hills  and  dales  lose  their  stern 
angular  character,  and  become  characterized  by  a  soft,  rounded,  and 
flowing  appearance,  indicating  unmistakably  the  operation  of  diver- 
gent forces,  and  the  existence  of  wholly  different  conditions,  we  shall 
have  no  difficulty  in  concluding  that  glacial  or  land  ice  has  had  no 
share  in  their  formation  or  subsequent  modification,  but  that  they 
owe  their  origin  in  the  first  instance  to  the  fracturing  of  the  rocks, 
and  subsequently  to  the  operation  of  subaerial  forces. 

Having  now  pointed  out  the  physical  features  of  the  district,  I 
shall  proceed  to  offer  some  reasons  for  concluding  that  during  the 
glacial  period  these  lines  of  communication  were  blocked  up  by  snow 
or  ice  so  as  to  cut  off  all  connexion  between  the  two  sides  of  this 
chain  of  hills.  On  the  approach  of  the  long  winter  which  preceded 
the  period  when  ice  overspread  tho  county  of  Lancaster  and  the 
whole  of  the  northern  part  of  our  island,  the  severity  of  the  climate 
would  gradually  increase ;  and  during  this  time  large  accumulations 
of  snow  would  take  place,  and  ice  be  formed  in  deep  and  sheltered 
situations  like  those  presented  by  the  Walsden,  Cliviger,  and  Tod- 
morden  valleys.  The  snow,  thus  accumulated  to  a  depth  of  from 
800  to  1000  feet,  would,  by  being  partially  melted  and  recongealed, 
become  in  time  a  consolidated  compact  mass,  little  if  at  all  inferior 
to  that  of  ice  itself  in  density  and  consistency. 

Accepting,  then,  this  proposition,  we  shall  have  no  difficulty  in  con- 
cluding that  these  bodies,  held  firmly  in  their  places  in  the  tortuous 
serrated  valleys  which  are  so  constructed,  and  holding  such  relations 
to  each  other  that  any  attempt  to  move  on  the  part  of  the  accumu- 
lations in  one  of  the  arms  would  be  resisted  and  counterbalanced 
by  the  opposing  force  of  the  other  two  branches,  each  of  which 
would  have  a  tendency  to  move  in  an  opposite  direction,  would  thus 
be  able  to  offer  an  effectual  resistance  to  the  force  of  the  great 
northern  glacier,  on  its  approach  so  far  south,  to  dislodge  them  from 
their  strongly  intrenched  positions, — the  resistance  to  all  motion  on 
their  part  being  still  further  increased  by  the  presence  of  the  gla- 
ciers acting  upon  the  terminal  portions  of  the  two  arms  at  the 
mouths  of  the  valleys  by  which  those  bodies,  if  in  motion,  would 
have  to  emerge,  with  a  force  equal  to  that  exerted  at  the  northerly 
end  of  the  Cliviger  gorge,  where  the  glacier  would  seek  to  effect  an 
entrance  therein,  thus  completely  neutralizing  each  other,  and  pre- 
venting any  motion  on  their  part  taking  place.  The  progress  of  the 
glacier  in  its  journey  south  being  thus  arrested  by  an  impassable 
barrier,  at  or  near  Holmes  Chapel,  in  the  Cliviger  gorge,  where  the 
valley  suddenly  contracts  and  becomes  hemmed  in  on  both  hands 
by  massive  beds  of  grit  rocks,  in  some  places  almost  vertical,  it 
is  evident  that  the  ice  forcing  its  way  so  far  would  be  compelled 
either  to  move  on  over  the  imbedded  and  stationary  mass,  or  be  de- 
flected from  its  course,  and  compelled  to  take  a  more  westerly  direc- 
tion, part  of  it  finding  its  way  over  the  pass  separating  the  Easden 


Digitized  by  VjOOQ IC 


190  J.  AITJtKN  ON  THB  DRIFT  OF  THE  PENNINE  CHAIN. 

Clough  from  the  White  well  valley  at  an  elevation  of  1170  feet,  and 
passing  on  east  of  Deerplay  Hill  and  the  high  land  adjoining  into 
the  valley  of  the  Irweli,  thence  skirting  the  hilly  district  east  of 
Bacup  and  crossing  Brandwood  Moor,  the  dividing  line  between 
the  basin  of  the  Roach  and  Irwell,  and  so  continuing  its  course 
on  to  Manchester  and  the  great  Cheshire  plain;  whilst  another 
stream  of  ice  would  doubtless  cross  from  Burnley  into  the  Whitewell 
valley  by  the  Wholaw-Nook  pass,  becoming  there  confluent  with  the 
arm  already  described,  the  main  body  moving  off  in  the  direction 
of  Burnley  and  Accrington,  on  the  westerly  side  of  Hambledon  Hill, 
thence  pursuing  its  course  south  and  uniting  with  the  other  streams, 
finally  debouching  onto  the  plains  of  South  Lancashire. 

In  support  of  the  theory  that  a  large  body  of  moving  ice  meeting 
with  resistance  sufficiently  powerful  can  be  either  entirely  arrested, 
or  its  various  portions  be  endowed  with  varying  and  diverse  motions, 
we  have  the  authority  of  the  Duke  of  Argyll,  Prof.  Ramsay,  and 
Mr.  Goodchild,  some  of  whose  statements  fully  justify  the  conclusion 
that  such  was  the  behaviour  of  the  ice  in  this  instance. 

In  all  probability  ice  did  not  overflow  the  higher  hills  in  this  part 
of  the  axial  range,  as  is  manifested  by  the  absence  of  all  trace  of 
its  action  upon  the  surface-contour  of  the  country,  and  by  the  fact 
that  there  are  no  remains  of  morainic  or  other  matter  to  indicate 
that  it  had  ever  been  in  those  situations. 

It  may  be  assumed  that  the  great  ice-sheet  in  this  part  of  Lan- 
cashire did  not  rise  to  so  great  an  elevation  by  some  hundreds  of 
feet  as  it  is  proved  to  have  done  further  to  the  north  by  the  obser- 
vations of  Mr.  Tiddeman,  Mr.  J.  Clifton  Ward,  and  Mr.  Goodchild ; 
and  I  contend  that  satisfactory  reasons  may  be  given  for  this  vari- 
ation by  taking  into  consideration  the  gradual  slope  of  the  ground, 
the  waste  by  melting  to  which  the  ice  would  be  subjected  in  tra- 
velling south,  and  its  tendency  to  spread  out  and  become  diffused 
on  reaching  the  flatter  and  more  level  plains  of  Lancashire  and 
Cheshire. 

Statements  contained  in  the  memoir  by  A.  H.  Green,  C.  Le  Neve 
Foster,  and  J.  R.  Dakyns  on  the  Geology  of  the  Carboniferous  lime- 
stone, Yoredale  Rocks,  and  Millstone  Grit  of  North  Derbyshire  and 
the  adjoining  parts  of  Yorkshire,  confirm  many  of  these  conclusions 
arrived  at  by  me  on  independent  grounds. 

I  have  thus  endeavoured  to  lay  before  the  reader  such  facts  as 
have  come  within  my  reach  tending  to  illustrate  the  question  forming 
the  subject  of  this  essay,  with  what  success  he  will  be  able  to  judge. 
If,  however,  the  facts  and  arguments  should  fail  to  carry  conviction, 
I  trust  that  the  effort  I  have  made  to  solve  this  somewhat  difficult 
and  perplexing  question  may  not  prove  altogether  fruitless ;  for 
should  no  other  result  follow  than  that  of  attracting  the  attention 
of  other  observers  to  the  subject,  so  that  eventually  a  satisfactory 
solution  may  be  arrived  at,  my  object  will,  at  all  events  to  some  ex- 
tent, have  been  attained. 
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22.  Notes  on  the  Physical  Geology  of  East  Aicglia  during  the 

Glacial  Period.    By  W.  H.  Fmnnxo,  Esq.,  F.G.S.     (Read 

December  15, 1875.) 

[Plate  XV.]. 

Introduction. 

In  submitting  to  tbe  consideration  of  tbe  Society  the  following  ob- 
servations, I  would  remark  that  they  are  intended  to  form,  not  a 
full  description,  but  a  sketch  of  the  physical  geology  of  East  Anglia 
during  the  glacial  period.  The  evidence  upon  which  they  are 
founded  is  derived  from  deposits  that  either  have  been,  or  will  be, 
mapped  by  the  officers  of  the  Geological  Survey.  Full  descriptions 
will  appear  in  their  published  maps  and  memoirs ;  therefore  the 
subject  will  here  be  treated  generally,  and  all  details  omitted. 

The  object  I  have  more  especially  in  view,  is  to  offer  an  explana- 
tion of  the  origin  of  a  somewhat  puzzling  series  of  gravels  and 
sands,  classed  by  Mr.  S.  V.  Wood,  Jun.,  as  "  Middle  Glacial,"  to  give 
a  reason  for  their  occurrence  in  certain  areas  and  non-occurrence  in 
others,  and  to  account,  on  mechanical  grounds  alone,  for  the  almost 
total  absence  therefrom  of  any  (except  derived)  fossil  remains.  I 
wish  also  to  remark  briefly  on  the  probable  means  of  formation  of 
the  so-called  "  Denudation  gravels." 

The  subject  is  divided,  for  reasons  that  will  appear,  into  two 
parts;  the  first  relates  to  the  district  south  and  east,  and  the 
second  to  that  north  and  west,  of  the  great  Chalk  escarpment. 

By  the  term  "  East  Anglia  "  is  meant  a  tract  of  country,  north  of 
the  Thames,  which  may  be  considered  to  be  bounded  on  the  west  by 
a  line  passing  from  London  through  Hertford,  Royston,  and  St.  Ives 
to  the  estuary  of  the  "  Wash,"  and  which  includes  all  Norfolk, 
Suffolk,  and  Essex,  with  part  of  Cambridgeshire,  Hertfordshire, 
aud  Middlesex.  The  general  contours  of  the  southern  part  of  the 
district  at  every  hundred  feet  above  the  sea  are  shown  by  the  dot- 
ted lines  on  the  map  (fig.  1,  PL  XV.),  the  smaller  and  later-formed 
features  being  omitted  as  immaterial  to  the  argument. 

The  lowest  tract  in  the  district  may  conveniently  be  termed  the 
44  Cambridge  Valley :"  a  large  portion  of  it  is  fen-land  bounded  on 
the  south  and  east  by  Gault,  which  is,  with  trifling  exceptions,  the 
lowest  geological  formation  that  comes  to  the  surface  in  the  area  in 
question.  On  the  right  side  of  the  Cambridge  valley  runs  the  chalk 
escarpment,  divided  as  usual  into  two  main  lines,  one  of  the  Lower 
and  one  of  the  Upper  Chalk.  The  latter  forms  some  of  the  highest 
ground  in  the  district  *,  and  may  be  traced  as  an  uneven  ridge, 
with  rounded  hills  and  hollows,  from  Buntingford,  by  Saffron 
Walden,  Haverhill,  Thetford  and  Swaffham,  to  the  sea.  The  ground 
slopes  gradually  away  from  this  ridge  towards  the  London  Basin, 
where  the  Tertiaries  set  in,  one  of  the  series  (the  London  Clay) 

»  At  Tharfield  (S.  of  Royston)  550  feet,  and  in  West  Norfolk  450  to  650  feet 
abore  tho  aea. 

Q.  J.  G.  S.  No.  126.  o 
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forming  an  escarpment  roughly  parallel  to  that  of  the  Chalk.  The 
northern  and  eastern  portions  of  the  district  are  in  part  occupied 
by  deposits  of  later  Tertiary  age— -the  Crags,  the  Chillesford  beds, 
and  the  Forest-beds. 

The  general  altitude  of  the  line  of  escarpment  of  the  Upper  Chalk 
may  be  taken  as  from  300  to  500  feet,  that  of  the  London  Clay 
from  200  to  300  feet  above  the  sea. 

Pabt  1.— The  Drift-deposits  to  the  South  and  East  of  the  Chalk 
escarpment. 

Pliocene. — Along  the  coast  of  Norfolk,  Suffolk,  and  part  of  Essex, 
as  well  as  for  some  distance  inland,  occur  the  "  Crag  "  deposits.  Of 
these  sands,  the  older  or  "  Coralline  Crag  "  contains  the  remains  of 
a  deep-sea  fauna ;  in  the  "  Eed  Crag,"  immediately  succeeding, 
littoral  forms  prevail ;  while  the  newer  or  "  Norwich  Crag "  also 
contains  littoral  forms  with  land  and  freshwater  shells  in  addition. 
A  gradual  rising  of  the  coast  during  the  Crag  period  is  thus  indi- 
cated ;  and  this  continued  until  the  land  stood  slightly  higher  than 
at  present,  admitting  the  growth  of  the  Cromer  "  Forest-bed." 

These  Crag-beds  perhaps  scarcely  belong  to  the  drift-deposits  that 
present  the  evidence  on  which  the  following  arguments  are  founded, 
although  I  believe  that  there  is  a  gradual  passage  up  from  them  to 
those  of  recent  date.  This  gradual  passage  will  probably  be  found 
to  exist  stratigraphically,  as  well  as  in  regard  to  their  enclosed  fos- 
sil remains  and  to  the  climate  *  that  prevailed  during  the  different 
periods  of  their  deposition. 

Lower  Glacial. — After  the  formation  of  the  CromeT  Forest-bed 
the  land  again  sank  beneath  the  water,  gradually  and  to  a  depth 
of  certainly  not  less  than  400  or  500  feet  t '  during  the  progress  of 
the  submergence  the  advancing  shore-line  gave  rise  to  the  "  pebbly 
sands"  which,  according  to  Messrs.  Wood  and  Harmer,  "form  the 
base  of  the  whole  glacial  series,  indicate  shore-conditions  and  the  first 
setting-in  of  the  great  glacial  subsidence  "  £.  Arctic  conditions  of 
climate  began  to  prevail ;  and  here  and  there  patches  of  day  were 
dropped  by  icebergs,  heralds  of  those  to  follow  in  such  vast  numbers 
during  the  Upper  Glacial  epoch.  The  contorted  drift,  which  occupies 
a  large  area  in  the  north-east  portion  of  the  district,  was  deposited 
during  the  early  part  of  this  submergence  of  the  land  ;  its  mode  of 
formation  I  consider  to  have  been  much  the  same  as  that  of  the 
Upper  Boulder-clay  presently  to  be  considered.  The  contortions 
sometimes  exhibited  by  this  deposit  are  probably  due  to  agencies 
acting  on  the  clay  at  a  subsequent  period. 

Middle  Glacial. — The  Lower  Glacial  beds  are  overlain  and  con- 
siderably overlapped  by  a  series  of  gravels  and  sands  called  the 
**  Middle  Glacial."  These  beds  occupy,  or  have  occupied,  almost  all 
the  area  covered  by  the  Lower  Glacial,  and  extend  far  beyond  it  in  a 
southerly  direction.     It  will  be  seen  on  reference  to  the  map  (fig.  1, 

•  "LyelL,  « Student's  Elements,'  p.  177. 
t  Lyell.  'Student's  Elements,'  p.  167. 
X  ' Outline  of  the  Geology  of  the  Upper  Tertiaries  of  East  Anglia,'  p.  16. 
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PL  XV.),  that  many  of  the  valleys  running  S.  and  E.  from  the  chalk 
escarpment  to  the  sea  are,  almost  to  their  source,  cut  through  the 
Upper  Boulder-clay,  and  expose  these  gravels  beneath  it.  They 
are  thus  proved  to  be  very  persistent  over  a  definite  area,  within 
which  it  is  a  rare  occurrence  for  the  clay  to  be  seen  resting  on  the 
older  geological  formations.  It  is  probable  that  the  gravels  extend 
beneath  the  clay  over  nearly  all  the  intervening  area,  in  greater 
force  along  the  lines  of  the  larger  valleys  (which  I  believe  to  have 
been  carved  into  nearly  their  present  form  in  preylacial  times), 
and  in  a  more  attenuated,  or  even  patchy  condition  under  the  higher 
grounds. 

But  the  gravels  can  in  no  instance  of  which  I  am  aware  be 
traced  up  to  the  escarpment  of  the  Chalk,  or,  in  other  words,  beyond 
a  certain  definite  level.  It  is  not  that  they  disappear  beneath  a 
great  thickness  of  Boulder-clay  to  reappear  at  its  opposite  boundary; 
on  the  contrary,  it  is  evident  that  they  gradually  thin  out ;  and  a 
few  miles  before  the  escarpment  is  reached  we  find  the  Boulder-clay 
overlapping  them  and  resting  directly  on  the  Chalk  (fig.  2,  PL  XV.). 
This  is  well  seen  in  many  sections,  also  along  the  N.W.  face  of  the 
scarp,  where  the  junction  of  the  Chalk  and  the  clay  forms  for  many 
miles  a  well-marked  line,  the  absence  of  any  intervening  sand  or 
gravel  being  constant  and  remarkable.  The  fact  of  the  gravels  not 
running  up  to  the  escarpment  was  noticed,  but  no  inference  drawn 
therefrom,  in  1835,  by  Mr.  Caleb  BurreU  Rose,  who  writes  * : — 
"  The  general  surface  of  the  chalk  must  have  suffered  prodigious 
abrasions  from  the  violence  of  the  elements,  as  evidenced  by  the 
immense  quantity  of  gravel  formed  and  collected  in  various 
situations,  as  well  as  by  the  different  altitudes  at  which  the  chalk 
is  found,  it  appearing  immediately  beneath  the  vegetable  soil,  even 
on  the  highest  ground ;  and  at  a  level  of  not  less  than  50  feet  lower 
it  may  be  found  covered  by  more  than  150  feet  of  sand  and  clay 
containing  boulders." 

In  the  thinning-out  of  the  Middle  Glacial  beds  against  the  Chalk, 
and  their  not  rising  beyond  a  certain  height,  we  have  a  clue  to 
the  conditions  under  which  they  were  formed.  The  great  chalk 
escarpment,  as  a  long  and  narrow  ridge,  standing  at  this  time  well 
above  the  sea,  was  ah  important  feature  in  the  physical  geography 
of  the  period ;  and  the  Middle  Glacial  sands  and  gravels,  as  such, 
are  entirely  owing  to  its  existence.  For  it  formed  a  barrier  op- 
posing itself  to  the  strong  current  which  must  at  that  time  have  been 
sweeping  round  from  the  North  Sea  to  the  Atlantic  Ocean.  By 
this  current  were  brought  down  the  materials  of  which  the  gravels 
are  composed,  and  which  consist  of  pebbles  derived  from  the  rocks 
of  the  northern  and  eastern  coast  along  which  it  travelled,  mixed 
with  a  large  percentage  of  flints  from  the  chalk  barrier  itself. 

In  the  gravels  are  intercalated  occasional  masses  of  Boulder- clay 
which  were  brought  down  by  icebergs,  and  which,  heavily  descend- 
ing from  them,  have  distorted  the  gravels  wherein  they  now  lie 
without  any  approach  to  order  or  arrangement.     Further  evidence 

*  "  Geology  of  West  Norfolk,"  Phil.  Mag.  toIs.  Tii.  and  riii. 
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of  icebergs  during  this  period  is  found  in  the  associated  series,  or 
parts  of  series,  of  fossil  remains  taken  from  the  gravels — as,  for 
instance,  at  Bishop  Stortford,  where  a  good  number  of  vertebras 
and  other  bones  of  FUosaurus,  parts  of  the  same  animal,  were 
discovered.  These  of  course  were  derived  from  some  of  the  Second- 
ary rocks  to  the  northward,  and  must  have  been  transported  in  a 
large  mass  of  the  matrix  in  which  they  had  been  previously 
fossilized. 

The  submergence. which  began  at  the  commencement  of  the  Lower 
Glacial  series  went  on  until  the  waters  af  the  North  Sea  were  again 
united  to  those  of  the  Atlantic  •,  when  a  strong  current  was  set  up 
in  that  direction.  It  steadily  continued  during  the  accumulation 
of  the  Middle  Glacial  beds,  bringing  them  up  to  the  level  at  which 
they  are  now  found.  But  while  yet  the  higher  ranges  of  the  Chalk 
were  above  the  water,  the  lower  parts  of  the  escarpment  had  gone 
down  sufficiently  to  admit  of  the  passage  over  them  of  the  sea ;  and 
this  of  course  began  to  give  rise  to  a  set  of  very  different  physical 
conditions.  In  place  of  the  strong  southerly  current  confined  to 
the  eastern  side  of  the  chalk  ridge,  the  waters  having  admission  to 
a  much  larger  area,  their  power  (within  that  area)  of  transporting 
gravels  was  materially  lessened,  and,  as  submergence  went  on,  abso- 
lutely lost.  For  this  reason  the  gravels  are  found  running  not 
quite  although  nearly  up  to  the  lower  levels  of  the  chalk  escarp- 
ment. 

[The  ground  to  the  N.  and  W.  of  the  escarpment  (fig.  2,  PL  XV.) 
being  at  even  a  lower  level  than  where  the  gravels  occur,  was  of 
course  also  under  water ;  it  was,  however,  land-locked  on  every  side 
but  one,  and  formed  a  bay  in  which  no  current  of  any  extent  was 
possible ;  consequently  we  find  in  it  but  few  (if  any)  deposits  that 
undoubtedly  belong  to  the  Middle  Glacial  series.  The  waters  from 
the  bay  flowed  outward  through  the  "  Wash  "  to  join  the  southerly 
current,  and  contributed  their  share  of  pebbles  to  the  gravel  that  it 
deposited.] 

It  is  almost  impossible  to  locally  classify  in  detail  these  drifts ; 
but,  speaking  generally,  the  coarser  gravels  are  found,  as  might 
naturally  be  expected,  in  positions  nearest  to  the  chalk  ridge,  as  in 
the  neighbourhood  of  Clare,  the  finer  gravels  in  the  intermediate 
country  between  it  and  the  most  distant  deposits  at  Hertford,  where 
they  take  the  form  of  brick-earth.  Throughout  are  interspersed 
masses  of  current-bedded  sand  and  occasional  patches  of  iceborne 
clay. 

The  general  absence  from  these  beds  of  fossil  remains  may  be  ac- 
counted for  by  the  conditions  of  deposit ;  they  were  formed  in  a 
strong  current,  which  wduld  be  (except,  perhaps,  at  the  commence 
ment  and  end  of  the  period)  unfavourable  to  the  existence  of  animal 
life,  while  the  remains  of  any  plants  or  animals  that  may  have 
come  within  its  sweep  would  speedily  be  reduced  by  attrition, 
except  of  course  those  which  were  previously  fossilized,  and  all  of 

•  "  England  was  again  joined  to  the  continent  during  the  time  that  the 
Tegetation  of  the  *  Forest-bed '  flourished  "  (Ramsay, « Physical  Geology,'  p.  178). 
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which  are  much  rolled  and  waterworn.  In  the  exceptional  cases 
where  shells  do  occur,  they  are  found  to  be  of  such  species  as  would 
perhaps  indicate  a  climate  warmer  than  that  which  prevailed  before 
and  after  the  Middle  Glacial  period.  This  fact  is  probably  due  not 
so  much  to  a  real  difference  of  climate  as  to  the  temperature  of  the 
current,  which  would  be  governed  by  its  direction  and  the  condi- 
tions affecting  it  before  reaching  these  islands. 

If  these  views  be  correct,  there  is  between  the  Lower  and  Middle 
Glacial  no  definite  line  of  demarcation. 

Upper  Glacial. — The  Great  Chalky  Boulder-clay  in  East  Anglia 
extends  in  mass,  or  in  patches  that  once  formed  part  of  the  main 
mass,  over  the  northern  half  of  the  London  Basin,  the  Pliocene  area, 
and  the  dip  slope  of  the  Chalk,  rises  over  the  escarpment  of  the  same 
formation,  and  plunges  down  into  the  Cambridge  valley.  It  now 
caps  the  highest  hills;  and  it  occupies  the  deepest  valleys,  except 
where  it  has  been  removed  by  recent  denudation. 

The  submergence  which  began  with  the  Lower  Glacial  and  con- 
tinued during  the  fiddle  Glacial  periods  still  proceeded;  conse- 
quently the  strong  northern  current  was,  as  we  have  seen,  gradually 
replaced  by  a  more  open  sea.  During  the  succeeding  era  the  bot- 
tom of  this  sea  became  covered  with  a  thick  deposit  of  ice-trans- 
ported clay.  This  clay,  made  up  of  chalk  and  the  debris  of  other 
rocks  also  found  to  the  northward  of  the  area,  having  been  brought 
down  and  dropped  in  masses,  presents  within  itself  no  traces  of 
stratification.  Still  it  is  seen  in  most  instances  resting  evenly  on 
the  Middle  Glacial  beds ;  it  is,  indeed,  as  a  bed,  stratified  with  them, 
although  its  own  structure  is  not  the  result  of  stratification.  There 
are  no  signs  of  grinding  or  thrusting  of  their  surface,  such  as 
must  have  been  apparent  had  the  clay  been  formed  beneath  a  cover- 
ing of  ice  sliding  over  the  land.  This  latter  mode  of  formation  is 
accepted  by  many  as  a  true  explanation  of  the  phenomena  presented 
by  the  Boulder-clay  ;  but  for  this  reason  especially  I  differ  from  that 
conclusion.  Moreover,  if  the  clay  be  a  direct  result  of  ice  moving 
over  the  land,  an  emergence  after  the  deposition  of  the  Middle 
Glacial  gravels  must  have  intervened ;  but  of  this  there  seems  to  be 
no  evidence  beyond  the  disputed  point  of  the  method  of  the  day's 
formation. 

In  this  district  we  have  no  indications  of  the  greatest  depth  of 
the  glacial  submergence ;  it  was.  probably  many  hundreds  of  feet. 
That  it  continued  for  a  lengthened  period  is  certain,  judging  from 
the  great  thickness  in  many  places  of  the  Boulder-clay.  Whatever 
oscillations  of  level  may  have  occurred  elsewhere  during  the  Glacial 
period,  there  appear  to  be  in  East  Anglia  no  marks  of  any  but  one, 
and  that  a  gradual  and  long-continued  movement  of  depression 
succeeded  by  another,  equally  gradual,  of  reelevation. 

Postglacial. — When  at  length  the  land  again  assumed  an  up- 
ward movement,  and  as  it  rose  from  beneath  the  sea,  every  part  in 
turn,  as  a  receding  shore-line,  would  be  subject  to  the  action  of  the 
waves,  and  the  surface  of  the  Boulder-clay  thereby  eroded  and  to 
some  extent  reassorted.     A  clayey  gravel  would  naturally  result ; 
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and  the  whole  of  the  uneven  surface  of  the  clay  would  be  more  or 
less  covered  by  such  material,  although  on  the  flats,  in  the  hollows, 
and  in  the  channels  the  larger  portions  of  it  would  be  accumulated. 
As  it  invariably  happens  that  subaerial  erosion  acts  most  power- 
fully along  an  anticlinal  line,  the  gravels  in  the  hollows  and 
channels  would  be  the  longest-preserved  from  destruction.  And 
we  find  here  and  there  on  the  surface  of  the  Boulder-clay  patches 
of  this  clayey  gravel  or  loam  generally  capping  the  higher  grounds, 
frequently  many  of  them  in  a  curved  or  straight  line,  showing 
the  direction  of  the  old  channel  in  which  they  were  originally 
formed.  These  so-called  u Denudation  gravels''  are  never  of  any 
great  extent  or  thickness,  nearly  all  having  been  removed  by 
erosion.  Where  they  exist  it  may  be  inferred  that  there  the  Boulder- 
clay  still  retains  its  original  thickness ;  and  a  line  drawn  from  point 
to  point  where  they  occur  would  give  a  rough  measure  of  the 
minimum  amount  of  Postglacial  denudation. 

Part  2. — The  Drift-deposits  in  the  Cambridge  Valley. 

The  title  of"  Cambridge  Valley  "  I  consider  to  be  most  applicable 
to  that  main  branch  of  the  valley  which  is  occupied  by  the  river 
Cam,  or  Rhee,  a  stream  that  rises  on  the  Chalk  a  few  miles  from 
the  town  of  Royston  (fig.  1,  PL  XV.)  This  stream  runs  in  a  NJB. 
direction  along  a  line  roughly  parallel  to  the  Chalk  escarpment,  until, 
south  of  Cambridge,  it  is  joined  by  the  Cam,  or  Granta.  Thence 
the  united  streams,  under  the  name  of  the  river  Cam,  run  nearly 
due  north,  still  parallel  to  the  escarpment.  By  Ely  their  waters  flow 
into  the  Ouse,  a  river  which  continues  the  course  hitherto  taken  by 
the  Cam,  and  falls  into  the  "  Wash  "  at  King's  Lynn.  The  valley 
occupied  by  the  Cam  and  its  extension  the  Ouse  thus  lies  parallel 
to  and  near  the  base  of  the  Chalk;  it  has  been  in  fact  cut  back,  and 
is  still  being  cut  back  into  the  escarpment.  Io  this  operation  the 
river  is  aided  by  several  streams  having  their  source  well  up  in  the 
Chalk  district  and  running  across  the  strike  into  the  Cambridge 
valley.  These  are  : — the  Cam,  or  Granta,  which  rises  near  Saffron 
Walden,  and  has  a  branch  from  Bartlow  ;  the  Lark,  from  Bury  St. 
Edmunds  and  Mildenhall;  the  Little  Ouse,  from  Brandon;  the 
Wissey,  from  Watton  ;  and  the  N"ar,  from  the  west  of  Swaffham. 

The  valley  has  been,  along  the  greater  part  of  its  course,  cut  down 
to  the  horizon  of  the  Gault  (fig.  2,  PI.  XV.) — its  upper  portion 
being  enclosed  on  either  side  by  gentle  slopes  of  Chalk-marl,  suc- 
ceeded by  hills  of  the  Lower  Chalk.  North  of  Cambridge  it  opens 
out  into  a  broad  expanse  of  fen -land,  overlooked  from  the  east  side 
only  by  the  high  chalk  range.  Barely  do  any  beds  lower  than  the 
Neocomian  crop  out ;  but  by  these  and  the  Gault  the  Fen  is  skirted 
all  the  way  to  the  sea. 

The  Chalk  escarpment  receded  to  its  present  position  or  there- 
abouts in  the  Pliocene  period :  during  the  progress  of  its  submergence 
for,  and  reelevation  after,  the  Eocene  deposits  it  had  been  subjected 
to  some  disturbance,  many  small  faults,  flexures,  and  contortions 
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being  the  result.  To  a  considerable  flexure  of  this  period  is  owing 
the  present  position  of  an  upper  extremity  of  the  valley. 

That  the  Cambridge  valley,  as  such,  is  mainly  preglacial  is 
evident  from  the  consideration  of  several  reasons,  amongst  others 
the  position  which  the  Boulder-clay  now  occupies  therein*.  It 
rests  on  the  escarpment  at  an  elevation  of  more  than  500  feet ;  it  is 
found  here  and  there  on  the  flank  at  lower  and  lower  levels ;  and  it 
occurs  in  the  bottom  of  the  valley  at  but  a  small  height  above  the 
sea.  It  is  true  that  in  those  instances  where  Boulder-clay  is  found 
on  the  flank  it  is  in  small  outlying  patches  only  (fig.  2,  PI.  XV.) ; 
but  this  is  inevitable  from  the  progress  of  recent  erosion ;  and  they 
are  quite  sufficient  to  prove  the  former  extension  of  the  mass. 
These  patches  now  cap  small  elevations  resulting  from  denudation  ; 
and  a  line  drawn  from  the  escarpment  to  the  low  ground  would 
intersect  them  all. 

Although  the  escarpment  had  been  cut  back  to  nearly  its  present 
position  during  the  Pliocene  period,  and  the  land  was  somewhat 
submerged  during  the  deposition  on  the  east  coast  of  the  Pliocene 
beds,  we  And  in  this  valley  no  signs  of  their  present  or  former 
existence.  For  the  valley  was  not  excavated  to  its  present  depth, 
by  perhaps  50  or  100  feet ;  consequently  any  deposits  that  may 
have  been  left  in  it  during  the  Pliocene  era  have  long  been  swept 
away.  For  the  same  reason,  perhaps,  we  have  no  beds  of  Lower 
Glacial  age,  which  are,  so  far  as  I  have  seen,  confined  to  areas  of 
comparatively  slight  elevation.  It  is  not  difficult  to  suppose  that 
these  Lower  Glacial  deposits  would  be  excluded  from  this  valley  by 
its  then  height  relatively  to  that  at  which  they  are  now  found,  or 
that  any  which  may  possibly  have  once  occupied  the  area  have  been 
subsequently  removed. 

But  it  is  far  more  difficult  to  account  for  the  apparently  total 
absence  of  the  Middle  Glacial  deposits,  which,  just  over  the  Chalk 
escarpment,  run  up  to  a  height  of  300  feet  or  more  above  the  sea, 
and  to  at  least  200  feet  above  what  must  have  been  the  bottom  of 
this  valley  at  the  time  of  their  deposition.  The  subsequent  physical 
conditions  were  not  favourable  to,  nor  was  the  time  sufficient  for, 
the  removal  from  the  valley  of  beds  of  any  extent  (assuming  them 
to  have  been  therein  deposited)  before  the  deposition  of  the  Great 
Chalky  Upper  Boulder-clay.  We  should  find  them  still,  however 
great  the  subsequent  denudation,  between  the  older  rocks  and  the 
Boulder-clay  in  some  at  least  of  the  many  instances  in  which  it 
occurs.  It  cannot  be  assumed,  as  in  the  case  of  the  Pliocene  and 
the  Lower  Glacial,  that  the  Middle  Glacial  beds  at  one  time  occupied 
the  valley,  and  were  afterwards,  and  before  the  Upper  Boulder-clay 
period,  removed ;  yet  in  no  instance  do  we  find  the  Boulder-clay 
resting  on  any  other  than  preglacial  formations.  As  suggested  in 
the  first  part  of  this  paper  t,  the  currents  from  the  north  that 
formed  the  Middle  Glacial  gravels  and  sands  were  confined  to  the 
seaward  tide  of  the  Chalk  range,  which  was  not  wholly  submerged, 
and  wete  entirely  excluded  from  the  Cambridge  valley ;  for,  as  we 
•  Ramsay,  «  Physical  Geology/  p.  211.  t  Ante,  p.  193. 
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have  seen,  if  they  had  had  access  to  the  valley,  and  had  not  been  ex- 
cluded therefrom  as  suggested,  some  undoubted  traces  of  the  series  of 
gravels  and  sands  would  remain  and  testify  to  the  fact.  There  are 
certain  gravels  which,  I  admit,  bear  a  striking  resemblance  to  those 
of  undoubted  Middle  Glacial  origin ;  but  my  reasons  will  presently 
be  given  for  believing  them  to  be  of  much  more  recent  date.  In  some 
cases  the  Boulder-day  has  a  gravelly  base ;  but  it  is  that  and  nothing 
more,  representing  the  gradual  change  of  physical  conditions  which 
occurred  when  the  Chalk-ridge  was  nearly  submerged.  At  this 
time,  although  the  southerly  set  of  the  water  still  continued  *,  its 
currents  possessed  much  less  power  of  transporting  and  rearranging 
gravels,  and  their  deposition  ceased.  But  the  change  was  gradual ; 
and  we  may  readily  conceive  that  during  the  transition-period  the 
surface  of  the  Chalk,  being  slowly  encroached  upon,  would  be  partly 
covered  over  with  a  wash  from  the  rock  itself,  and  perhaps  also 
from  the  gravels.  This  wash  is  not  a  clean  gravel;  and  it 
gradually  passes  up  into  the  Boulder-clay,  which  then  began  to  be 
deposited. 

We  have  seen  that  the  Cambridge  Valley  was  excavated  in  pre- 
glacial  times,  and  that  in  all  probability  no  Lower  or  Middle  glacial 
beds  were  formed  within  its  area.  But  when  the  Chalk  was  wholly 
submerged  t,  the  sweeping  currents,  hitherto  confined  to  the  east 
side  of  the  range,  were  replaced  by  an  open  sea  extending  over  every 
part  of  East  Anglia  that  does  not  now  attain  to  an  elevation  of 
500  feet.  In  this  sea  the  icebergs  laden  with  rocky  debris  from  the 
north  were  slowly  melted ;  and  their  freights,  descending  in  mast, 
formed  on  the  bottom  the  unstratified  Boulder-clay.  There  had 
been  icebergs  borne  along  in  the  Middle-glacial  currents  also ;  but 
they  were  swept  off  more  quickly  to  the  southward,  and  probably 
a  great  majority  of  them  may  have  melted  over  an  area  still  beneath 
the  waters  of  the  Atlantic 

The  Upper  Boulder-clay  is  found  all  along  the  top  of  the  Chalk 
range ;  it  caps  the  minor  elevations  on  the  Bank,  and  it  occupies 
some  of  the  lower  ground  in  the  valley.  At  one  time  it  doubtless 
spread  as  a  sheet  over  the  whole  area,  from  the  highest  point  of  the 
'scarp  down  to,  if  not  below,  the  present  sea-level.  It  has  since  been 
so  much  denuded  that  its  main  mass  on  the  hills  is  disconnected 
from  the  remainder;  which  now  exists  merely  as  outliers  on  the 
gmf*Mftr  hills  and  ridges. 

Noting  that  the  Boulder-clay  is  found  on  the  back  and  top  of  the 
escarpment,  as  well  as  on  the  low  ground  beyond  the  foot  of  it,  we 
might  assume  that  there  is  no  "  horizontality  "  in  its  mode  of  occur- 
rence, and  that  its  present  boundary-lines  would  ignore  all  the  con- 
tours, and  features  even,  of  the  country.  To  some  extent,  and  in 
small  areas,  this  may  be  so ;  but  looking  at  the  Boulder-clay  as  a 
whole,  there  is  a  striking  regularity  in  its  occurrence.  When  viewed 
on  a  true  scale,  in  the  exceptional  case  of  the  Chalk  escarpment  it 
is  seen  to  plunge  down  about  500  feet ;  but  this  being  in  a  distance 
of  not  less  than  10  miles,  represents  a  fall  of  1  in  100  only,  or  an 
•  Ante,  p.  194.  t  Ante,  p.  195. 
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angle  of  about  half  a  degree.  It  touches,  as  any  other  formation 
would  be  expected  to  do,  the  outliers  and  hills  within  the  larger 
yalley  which  are  sufficiently  high  to  reach  its  horizon;  and  its 
boundary-line  conforms  generally  to  the  present  features  of  the 
district. 

As  the  surface  of  the  Chalk,  when  gradually  encroached  on  by 
the  glacial  sea,  became  partly  covered  by  a  gray  oily  wash,  so  also 
did  the  Boulder-clay  on  its  emergence*.  Of  this  gravel  or  loam  but 
little  remains,  and  that  invariably  on  the  higher  grounds,  in 
patches  which  once  formed  portions  of  extensive  plateaux.  I  think 
it  can  scarcely  be  assumed  that  so  large  a  mass  of  material  as  the 
Boulder-clay  which  once  filled  the  valley  could  have  been  removed 
by  denudation,  marine  or  subaerial,  or  by  both  combined,  without 
its  component  particles  having  been  more  or  less  reassorted  and  re- 
deposited  on  the  denuded  surface.  This  may  have  been  the  origin 
of  certain  deposits  of  doubtful  age  which  occur,  here  in  the  form  of 
loam,  there  as  an  impure  graveL 

Besides  the  high-level  deposits,  there  are  in  the  valley  broad 
sheets  of  much  newer  valley-gravel,  enclosing  the  remains  of  recent 
shells  and  of  extinct  mammalia.  They  occur  in  three  or  more 
terraces  at  different  levels,  marking  as  many  points  in  the  progress 
of  the  valley's  formation,  the  higher  and  older  terraces  having  been 
already  reduced  to  mere  patches,  indicating  a  former  extension,  and 
testifying  to  the  rapidity  of  denudation.  These  gravels  have  been 
made  up  mainly  from  the  waste  of  the  Chalk  and  superincumbent 
Boulder-clay,  and  may  be  seen  in  many  sections  in  the  neighbour- 
hood of  Cambridge.  Much  has  been  already  written  about  them  ; 
they  have  now  been  mapped  by  the  Geological-Survey  Officers,  and 
will  be  fully  described  by  them  also  in  their  publications.  The 
same  remark  applies  to  the  Fen-lands,  which  are  of  more  recent 
date  than  the  Drifts  proper  that  form  the  subject  of  this  communi- 
cation. 

But  there  are  within  the  area  certain  other  gravels  upon  which  a 
few  remarks  are  necessary,  owing  to  their  resemblance  to  those  of 
Middle-glacial  age.  These  deposits  occur  at  an  elevation  of  20  to 
60  feet,  or  thereabouts,  above  the  level  of  the  river,  and  consist  of 
gravels  and  sands  with  intercalated  masses  of  loam  and  clay,  the 
latter  having  somewhat  the  appearance  of  Boulder-clay,  or,  rather,  of 
a  wash  from  Boulder-clay  in  its  immediate  vicinity.  The  lines  of 
stratification  are  irregular,  sometimes  horizontal,  more  frequently 
inclined,  and,  in  the  two  most  noteworthy  sections,  several  miles 
apart,  dip  north  at  an  angle  of  15°.  In  one  of  these  sections  are  two 
gravels,  or,  rather,  a  gravel  and  a  loam,  the  latter  being  banked  up 
against  a  scooped-out  edge  of  the  former,  thus  presenting  the  ap- 
pearance of  a  fault. 

There  is  a  Middle-glacial  appearance  about  the  gravels ;  but  still 
I  think  that  all  the  phenomena  might  occur  as  well  either  in  an 
esker  or  in  deposits  left  by  a  river  of  tolerable  magnitude.     In- 
clined bedding  is  not  unusual  in  river-gravels ;  and  the  included 
•  Ante,  p.  198  and  Part  1,  p.  196. 
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masses  of  wash  from  Boulder-clay  are  easily  accounted  for,  if  we 
assume  that  the  gravels  were  formed  during  the  removal  by  denuda- 
tion of  the  Boulder-clay  which  once  filled  the  valley.  The  uniformity 
of  level  at  which  they  occur  would  also  seem  to  indicate  a  fluviatile 
rather  than  a  glacial  origin.  But  the  strongest  argument  in  support 
of  this  view  is  the  fact  that  the  gravels  in  places  contain  recent  land 
and  freshwater  shells  (Helix,  Pupa,  Succinea) ;  this  would  be  con- 
clusive evidence  if  the  shells  could  be  more  generally  found.  But 
it  is  just  possible,  although  far  from  probable,  that  in  the  few  in- 
stances only  in  which  (so  far  as  I  know)  they  have  been  discovered, 
a  newer  gravel  may  have  been  deposited  in  channels  cut  by  streams 
through  that  which  is  of  older  date.  In  my  opinion  the  parts  of 
the  gravel  where  the  shells  do  occur  so  exactly  resemble  the  other 
portions  where  they  do  not,  that  such  a  proposition  cannot  be  enter- 
tained. Therefore  without  hesitation  I  refer  these  deposits  to  the 
existence  of  an  ancient  river  running,  as  does  the  present  one,  along 
the  foot  of  the  escarpment,  although,  of  course,  not  on  the  ground 
occupied  by  the  Cam  of  our  own  time.  The  Chalk  'scarp  was  then 
somewhat  different  from  what  it  is  now ;  it  had  been  cut  down  to 
such  a  level  only  that  its  foot  was  higher  by  as  much  as  these  gravels 
are  now  above  the  river.  The  line  of  this  old  river  is  now  indicated 
by  an  elongated  series  of  patches  of  the  gravel  in  question  which 
formerly  occupied  its  channel.  The  remaining  portions  of  these 
gravels  now  form  long,  low,  and  rounded  ridges,  occupying,  pro- 
bably, slight  depressions  in  the  Chalk,  which  depressions  (formerly 
a  part  of  the  old  river-course)  are  now  somewhat  elevated  above  the 
surrounding  area,  the  gravels  having  partly  preserved,  as  usual,  the 
lines  of  hollow  from  denudation.  This  series  commences  near 
Boyston,  in  a  hollow  formed  by  the  flexure  in  the  Chalk  previously 
mentioned*,  runs  in  an  easterly  direction  about  parallel  to  the 
present  course  of  the  river,  crosses  the  minor  valley  of  the  Cam  or 
Granta,  is  joined  by  another  line  of  similar  patches  from  the  east, 
and  then  sweeps  round  to  the  north  of  Cambridge,  being  lost  in 
the  fens  beyond  (fig.  1,  PL  XV.). 

I  am  well  aware  that  this  solution  may  not  explain  the  origin  of 
all  the  patches  of  gravel  that  are  found  in  the  valley  and  cannot 
with  certainty  be  referred  either  to  the  Glacial,  Postglacial,  or  Recent 
period.  But  I  do  not  think  that  any  of  them  have  been  actually 
traced  under  the  Boulder-clay,  as  they  would  have  been  if  of  Lower- 
or  Middle-glacial  origin.  It  is  possible  that  during  the  period  in 
which  the  drifts  were  being  formed  by  the  Middle-glacial  currents 
traversing  the  east  coast,  a  stray  iceberg  may  have  occasionally 
found  its  way  into  the  land-locked  inlet  of  the  Wash  and  its  exten- 
sion the  Ouse  and  Cam  valleys,  at  that  time  so  much  broader 
through  greater  submergence.  Bat  this  would  be,  I  apprehend,  a 
very  exceptional  occurrence ;  and  any  deposits  dropped  from  such 
bergs  are  not  to  be  classed  with  the  current-formed  gravels  that  occur 
in  such  force  on  the  other  side  of  the  escarpment. 

Taking  all  the  facts  into  consideration,  I  feel  justified  in  drawing 
»  Ante,  p.  197. 
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the  conclusion  that,  strictly  speaking,  there  are  no  Lower  or  Middle 
Glacial  deposits  within  the  area  of  the  Cambridge  valley  *. 

Supplementary  Notes. 

Since  the  above  notes  and  the  conclusions  therefrom  were  brought 
before  the  Society,  the  completion  of  the  mapping  of  some  of  the 
gravels,  mentioned  as  of  doubtful  age,  seems  to  have  thrown  light 
upon  the  date  and  mode  of  their  formation.  It  has  afforded,  also, 
additional  evidence  in  support  of  the  theory  advanced  respecting 
those  gravels  which  were  thereby  asserted  to  be  relics  of  an  ancient 
river  Cam. 

There  is  a  hill  called  "  The  Rivey,"  situated  about  ten  miles  S.E. 
of  Cambridge ;  its  height  above  the  Cam  is  about  325  feet ;  it  is,  as  it 
were,  an  outlier  from  the  escarpment,  and  it  is  similarly  covered  by 
Boulder-clay.  This  Boulder-clay  rests  directly  on  the  Chalk,  and  is 
capped  by  a  few  feet  of  gravel ;  it  is  supposed  that  this  is  a  patch 
of  "  Denudation  gravel,"  and  that  the  Boulder-clay  beneath  it  re- 
tains its  full  thickness ;  or  it  may  be  a  higher  example  of  those  to 
be  described.  In  a  direction  running  away  from  the  escarpment 
are  patches  of  gravel  at  a  level  several  feet  lower ;  then,  further  on, 
other  patches  at  a  still  lower  level,  and  others,  still  further  away, 
with  less  elevation,  the  Boulder-clay  being  continuous  beneath  them 
all.  At  Hildersham,  in  the  valley,  1£  mile  from  the  Rivey  and 
200  feet  below  the  summit  of  the  hill,  the  gravel  and  Boulder-clay 
occur  in  the  same  relative  positions ;  and  a  little  further  on,  the 
gravel  overlaps  the  clay  and  rests  on  the  Chalk. 

This  interesting  and  well-marked  geological  feature  has  been  pre- 
served, it  may  be,  by  its  position  in  the  bend  to  the  north  of  the  escarp- 
ment ;  and  it  affords  a  key  to  many  other  patches  of  gravel  in  similar 
positions,  and  heretofore  considered  as  of  doubtful  age  (p.  200). 
All  the  patches  (many  of  which  are  small),  and  the  indications  of 
several  other  patches  removed  by  recent  denudation,  seem  to  form 
parts  of  lines  that  once  were  continuous,  and  which  are  more  or 
less  at  right  angles  to  the  long  series  ascribed  to  an  old  course  of 
the  Cam.  They  continue  in  a  gradually  descending  order  from 
almost  the  top  of  the  'scarp  down  to  the  level  of  that  series — that 
is,  from  325  feet  down  to  20  feet  above  the  present  river. 

The  explanation  proposed  is,  that  the  slope  of  the  Preglacial 
'scarp  was  entirely  covered  by  Boulder-clay,  that  the  valley  was,  in 
fact,  almost  filled  by  that  deposit,  the  patches  of  Boulder-clay  which 
here  and  there  remain  marking  out  the  line  of  that  Preglacial 
escarpment  (see  ante,  p.  198).     This  Boulder-clay  has  been  removed 

*  Since  the  above  paper  was  read  the  author's  attention  has  been  called  to 
the  fact  that  in  the  'Geological  Magazine'  for  February  1870,  Mr.  8.  V. 
Wood,  Jim.,  published  a  statement  to  the  effect  that  the  Middle  Glacial  beds  in 
East  Anglia  do  not  occur  at  a  greater  elevation  than  250  feet ;  also,  that  in  a 
section  illustrating  a  paper  by  him  read  before  the  Society,  June  19,  1867,  the 
overlap  of  those  beds  by  the  Boulder-clay,  and  the  occurrence  of  the  latter  in 
the  Cambridge  valley  without  any  Middle  Glacial  are  represented.  Although 
Mr.  Wood  did  not  draw  the  same  inferences  from  these  facts,  he  is  entitled  to 
priority  in  their  observation. — W.  H.  P. 
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CUk  has  been  cut  back 
patches  still  remain.  In 
■  began  to  be  reexcavated, 
in  the  same  direction 
ott.  ka  theau  «e  ontt.  at  a  height  considerably 
above  h — as  a^  V?rbfc  realhr  as  the  thickness  of  the  Boulder- 
day  ihat  Las  snse  bee*  reanoved.  The  eacarpsnent  covered  by 
Bc»  -licr-ciAT  wa*  r=t  back  thee  ir  the  same  way  as  it  is  being  cut 
back  but.  by  atiaor  streams  mznnr  acroas  the  *rike  (p.  196)  into 
the  main  rrrer  parage!  thereto.  XLas  operation  began  immediately 
^poai  tit  raneran:<£  ;c  tie  land  afrcr  the  great  submergence,  and 
has  cocrimed  sp  to  the  jceacn  time. 

There  susi  have  beea  v«y  coosaderahle  accnmnlation  of  detritus 
from  the  res&jTai  oc  sa^i  a  warn  cc  Botlder-day ;  and  that  removal 
wocid  be  the  sore  raped  in  proponi^n  to  the  greater  steepness 
of  the  area  s^V-ec*  to  dersdsrica.  These  accumulations  would, 
la  tsm,  be  recced ;  bet  it  is  suggested  that  in  the  mass  of  Boulder- 
day  and  cveriyiag  patches  of  gravel  leading  down  from  the  Rivey 
to  the  vaiiey  below  we  hare  evkkace  of  the  later  stages  of  that 
day's  denudation,  and  s&aH  reataant*  of  the  resulting  accumulation. 

The  gravefe  are  made  up  of  exactly  such  material  as  would  be 
dented  fnwa  the  wis*  of  Bowlder-day — rolled  lumps  of  hard 
and  soft  chalk  dist  pebbles,  with  some  fragments  of  quartz,  lime- 
stone, and  other  derived  rocks,  enclosing  broken  pieces  of  derived 
fasdk.  They  ocnsdirre  also  a  gradually  descending  series,  with- 
out any  very  great  break  in  their  continuity,  either  in  regard  to 
level  or  position.  All  the  patches  appear  to  occupy  hollows  in  the 
surface  of  the  day,  by  which  circumstance  they  hare,  indeed,  been 
preserred — that  is,  down  to  the  level  of  the  Preglacial  valley- 
system ;  below  it  the  gravels  rest  on  the  excavated  chalk.  In  many 
instances  they  occur  in  hollows  along  the  top  of  a  ridge — the  old 
stream-channels  in  which  they  were  left  now  forming  synclinals, 
and  thus  preserving  the  gravels  and  the  clay  or  chalk  immediately 
beneath,  while  that  on  either  side  has  been  worn  away. 

The  marine  Middle-glacial  currents  could  not  have  formed  these 
gravels,  even  if  they  had  access  to  the  valley,  as  some  of  the  ridges 
run  up  into  coombe-nke  valleys  where  such  currents  would  have 
been  impossible.  The  streams  that  deposited  them  were  doubtless 
rapid,  and  occupied  gorges  in  the  clay ;  this  would  account  for  the 
false-bedding  sometimes  exhibited. 

The  scries  described  as  indicating  the  ancient  course  of  the  Cam 
represents  the  latest  stage  of  all,  previous  to  the  present  system  of 
drainage ;  in  this  series  and  in  patches  at  or  slightly  above  the  same 
level  occur  the  recent  land  and  freshwater  shells.  At  one  place  in 
this  series  shells  of  Cardium  edule  have  been  found ;  and  their  occur- 
rence would  seem  to  bear  out  the  suggestion  made,  that  during  the 
Glacial  period  the  Cam  valley  formed  a  lard-locked  bay,  on^he  sandy 
shores  of  which  this  mollusk  flourished  (p.  194).  It  occurs,  but  not 
plentifully,  at  the  bate  of  the  deposit,  and  probably  indicates  the 
position  of  the  old  shore-line. 
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If  the  explanation  offered  be  the  true  one,  we  have  here  a  series 
of  river-gravel  terraces  occurring  at  all  heights,  from  nearly  the 
bottom  of  the  present  valley  up  almost  to  the  top  of  the  Chalk 
escarpment. 

Approximate  Elevations  (above  the  Cam)  of  two  lines  of 
Gravel  Patches. 

feet.  feet. 

TheBivey  326  Baldwin 370 

Int.m^i^»«*^  Z270  Small  patch  W.  of  Balsham    250 

Intermediate  patehes ^  Gravel-pits 206 

Hildersham    126  (Possible  continuation  of the  above.) 

(Indications  of  other  patches  between         Gravel-pits  N.W.   ofDun-K  — 

theabove.)  gate )  17D 

Wratting  valley     110 

Ancient  course  of  the  Cam,  20  to  60  feet 


EXPLANATION  OF  PLATE  XV. 

Fig.  1.  Map  of  a  part  of  East  Anglia,  showing  the  Drift-deposits.    Scale  8 
miles  to  1  inch. 
2.  Section  from  London-Clay  escarpment  to  the  Cambridge  valley  along 
the  line  indicated  on  the  map.    Horizontal  scale  4  miles  to  1  inch ; 
vertical  scale  800  feet  to  1  inch. 


DlSCT7S8I01C. 

Prof.  DracAK  said  that  his  impressions,  formed  twenty  years  ago, 
agreed  with  those  of  the  author.  It  was  a  very  simple  case  of 
geology  complicated  by  geologists.  He  inquired  whether  the 
author  thought  that  such  valleys  as  extend  up  to  the  Chalk  from  the 
German  Ocean  were  excavated  before  the  Glacial  period,  or  whether 
they  were  then  filled  up  and  afterwards  excavated.  He  also  asked 
whether  the  author  was  quite  satisfied  that  all  the  gravels  are  water- 
worn  by  tidal  action.  It  seemed  to  him  exceedingly  interesting  to 
find  that  Mr.  Penning  pushed  the  ice-cap  a  little  further  back. 

Prof.  Morris  remarked  that  the  valley  of  the  Cam  presents  two 
or  three  different  conditions;  near  Cambridge  the  river  flows  over 
the  Gault,  cutting  through  the  old  gravel  between  Barnwell  and 
Chesterton.  The  valley  was  probably  excavated  in  the  Boulder- 
clay,  which  occurs  at  higher  levels,  and  once  no  doubt  covered  the 
whole  district. 

Mr.  Jukbs-Browhb  thought  that  the  Boulder-clay  did  fill  the 
valleys,  and  that  the  boulders  referred  to  by  the  author  had  been 
derived  from  the  Boulder-clay.  One  point  of  special  interest  in  the 
paper  seemed  to  him  to  be  that  the  author  regarded  the  whole 
Glacial  series  as  continuous,  in  opposition  to  those  who  would  place 
the  excavation  of  all  the  valleys  in  the  Glacial  period,  while  the 
author  considers  them  preglacial.  At  Cromer  the  so-called  Middle 
Glacial  is  nothing  but  blown  sand. 

Mr.  George  Maw  inquired  as  to  the  order  of  sequence  of  certain 
beds  known  as  Lower,  Middle,  and  Upper  Glacial,  what  evidence 
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there  is  with  regard  to  those  extensive  coast-beds  which  occur  all 
along  the  coast  from  Yarmouth  to  Cromer,  and  especially  what  evi- 
dence we  have  as  to  the  so-called  Upper  Boulder-clay  on  the  coast 
being  really  newer  than  the  great  mass  of  the  drift  of  high  Suffolk. 

Prof.  Ramsay  thought  that  the  question  raised  by  Mr.  Maw  had 
been  thoroughly  discussed  at  the  last  meeting  of  the  Society.  He 
had  had  much  pleasure  in  listening  to  Mr.  Penning* 8  paper,  because 
that  gentleman  seemed  to  have  aimed  at  getting  rid  of  the  infinite 
refinements  in  the  classification  of  these  beds  as  Upper,  Lower,  and 
Middle  Glacial  deposits,  these  things  being  generally  treated  in  such 
a  manner  as  to  produce,  at  least  in  the  popular  mind,  a  notion  that 
these  deposits  are  of  as  great  importance  as  Upper  and  Lower  Silu- 
rian, for  example,  with  beds  thousands  of  feet  thick.  He  thought 
that  the  effects  of  Glacial  action  had  been  immensely  exaggerated, 
and  believed  that  all  the  great  features  of  the  country  existed  before 
the  Glacial  period. 

The  President  (Mr.  Evans)  considered  Mr.  Penning's  paper  of  great 
importance  from  two  points  of  view — first,  with  respect  to  the  sequence 
of  the  Glacial  beds,  and,  secondly,  with  regard  to  the  Cambridge  valley. 
He  thought  that  the  author's  views  as  to  the  southern  part  of  the 
Cambridge  valley  would  be  borne  out  when  he  came  to  examine  the 
portion  north  of  the  Lark,  and  further  north  in  the  neighbourhood 
of  Brandon,  where  he  would  be  able  to  trace  the  connexion  between 
the  Glacial  and  Postglacial  gravels.  With  regard  to  the  ice-cap, 
there  were  certain  points  that  deserve  great  attention,  especially  the 
question  whence  are  derived  the  materials  of  the  Boulder-clay. 
These  seem  to  be  in  great  measure  derived  from  the  Upper  Cre- 
taceous and  Tertiary  beds  in  the  neighbourhood.  And  in  some  cases 
unworn  flints  show  glacial  scratches;  hence  he  suggested  that 
inquiry  should  be  made  whether  they  were  due  to  local  glaciers. 

The  Author,  in  reply,  stated  that  the  Cambridge  valley  was  ex- 
cavated in  Preglacial  times.  There  is  no  evidence  of  extended  de- 
nudation in  Glacial  times,  but  only  of  local  unconformity. 
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23.  On  some  Unicellular  Aloje  parasitic  within  Silurian  and 
Tertiary  Corals,  with  a  Notice  of  their  Presence  in  Caloeola 
8ANDALINA  and  other  Fossils.  By  Professor  P.  Martin  Duncan, 
P  R.S.,  V.P.Geol.  8oc.,  &c.     (Read  January  19, 1876.) 

[Plate  XV.] 

John  Quekett  described,  in  his  lectures  at  the  Royal  College  of 
Surgeons  in  1851-1862,  certain  tubes  or  canals  as  being  very  fre- 
quently met  with  in  the  skeletons  of  corals ;  and  in  his  Lectures  on 
Histology,  published  in  1854,  and  which  contained  the  subject 
matter  of  his  previous  discourses,  he  wrote  as  follows :  u  Confervoid 
growths  also  are  very  frequently  met  with  in  the  skeletons  of  corals, 
as  all  these  bodies  possess  animal  matter  which,  decomposing  after 
death,  becomes  a  nidus  for  the  development  of  conf ervse ;  and  hardly  a 
section  can  be  examined  without  exhibiting  such  an  appearance  as 
shown  in  fig.  78  "*.  This  figure  shows  long,  short,  and  almost 
straight  canals  cutting  across  the  normal  coral  structure  at  different 
angles. 

In  1859  Kolliker  gave  the  results  of  his  examination  of  some 
corals  to  the  Royal  Society,  in  a  communication  "  On  the  frequent 
occurrence  of  vegetable  parasites  in  the  hard  structures  of  animals  "t. 
He  said : — "  All  the  genera  of  corals  which  I  investigated  contained 
parasitical  fungi,  viz.  Astrata  diffusa,  Porites  clavaria,  Tubipora 
musica,  Corallium  rubrum,  Oculina  diffusa,  Oculina,  sp.,  Alloporina 
mirabUis,  Madrepora  cornuta,  Lophohelia  prolifera  and  NuUipora 
aldcomis.  The  fungi  were  most,  frequent  in  the  genera  Tubipora, 
Astrcea,  Porites  and  Oculina,  the  last  three  of  which  contained  also 
many  sporangia,  which  in  the  red  coral  were  very  scarce  or 
wanting." 

Before  Quekett  lectured,  and  contemporaneously  with  his  and 
Kblliker's  researches,  Dr.  Carpenter  J  and  C.  Wedl§  investigated 
the  corresponding  tubes  or  canals  in  shells;  and  the  last-named 
naturalist  communicated  a  most  admirable  paper  on  the  sub- 
ject just  before  Kolliker  came  forward.  Wedl  described  and  de- 
lineated the  tubeB  in  perfect  and  in  decalcified  specimens  of  shells, 
and  obtained  a  view  of  the  parasite  itself  when  removed  from  its 
nidus  in  Melania  Hollandri  under  the  effects  of  a  dilute  acid.  He 
agreed  with  Quekett  in  ascribing  the  parasite  to  the  Confervas,  and 

*  John  Quekett,  Lectures  on  Histology,  vol  ii.  p.  153.  Parasitic  borings 
corresponding  to  those  noticed  by  Quekett  were  described  by  C.  B.  Rose,  F.G.S., 
in  fossil-fish  scales  from  the  Chalk  and  Kimmeridge  Clav,  in  the  Transactions 
of  the  Microscopical  Society,  1855,  p.  7.  He  figured  them;  and  his  faithful 
delineations  show  ramifying  tubes  and  occasional  globular  enlargements. 
He  attributed  them  to  the  operation  of  infusorial  parasites. 

t  A.  W.  Kolliker,  of  Wurzburg,  Proc.  Royal  Soc.  June  9,  1859,  vol.  x. 

\  Carpenter,  Cyclop.  Anat.  Physiol,  art.  "  Shell." 

§  Wedl,  Sitxungsber.  d.  kais.  Akad.  d.  Wiss.  in  Wien,  B.  xxxiii.  no.  28.  Dec. 
1858. 
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believed  it  to  be  the  Saprolegnia  ferax  of  Kiitzing.  He  did  not 
examine  the  corals;  but  after  satisfying  himself  about  the  occurrence 
of  the  parasite  in  recent  species,  he  examined  some  fossil  shells,  and 
detected  it  (amongst  others)  in  Leptccna  lewis  from  the  Devonian. 

Thus  these  investigations  showed  that  there  were  parasitic  vege- 
table growths  in  modern  corals  and  in  many  shells  even  as  old  as  the 
Devonian,  and  that  they  either  were  confervas  or  fungi. 

Daring  the  course  of  some  investigations  into  the  minute  structures 
of  Tertiary  corals,  I  was  greatly  puzzled  by  the  omnipresence  of  a 
system  of  branching  canals  ending  in  culs-de-tac  and  having  dark 
borders  and  a  refractive  central  area.  In  one  instance  (in  a 
Thamnastrcea  *  from  Tasmania)  the  tubes  frequently  merged  into  an 
irregular  dark  mass,  and  resembled  the  tubuli  of  bone  (Haversian 
canals)  passing  into  lacunae ;  and  as  they  surrounded  in  a  circular 
series  a  radiating  mass  of  closely  approximated  normal  spicula,  the 
resemblance  to  a  low  class  of  osseous  tissue  was  extraordinary.  These 
canals  had  their  length,  direction,  and  frequency  evidently  in  relation 
with  the  situation  and  regularity  of  disposition  of  the  denser  and 
normal  coral  structures:  where  the  spicula  were  closely  united 
laterally,  their  extremities  radiating  from  a  common  centre,  the 
tubes  did  not  pass  into,  but  surrounded  the  mass;  and  when 
these  nodules  of  normal  tissues  were  in  long  series  the  tubes  ran 
down  by  their  sides.  Hence  sections  cut  across  the  calices  and 
septa  did  not  exhibit  many  tubes,  but  numerous  dot-like  markings, 
which  were  their  cut  ends ;  on  the  other  hand,  sections  longitudinal 
to  the  septa  and  cost©  presented  long  lines  of  tubes  with  ramifica- 
tions and  swellings.  The  resemblance  in  shape  and  size  of  these 
tubes  to  Quekett  and  Wedl's  figures  led  to  the  belief  that  even  this 
hard  coral  had  not  been  without  its  parasite,  and  incited  me  to 
follow  up  the  subject  in  living,  recently  dead,  and  other  fossil  species. 

The  results  of  my  work  on  the  recent  forms,  as  they  enter  especially 
into  questions  foreign  to  those  considered  by  this  Society,  are  about 
to  be  presented  to  the  Koyal  Society ;  but  I  thought  that  a  notice  of 
the  occurrence  of  these  interesting  parasites  in  such  old  forms  as 
QoniophyUum  and  Caleeola  would  be  of  interest. 

I  chose  this  species  of  coral  and  Caleeola  because  their  hard  parts 
admit  of  thin  and  wide  sections,  and  also  because  I  was  working 
upon  them  in  conjunction  with  Mr.  H.  Woodward,  F.R.S.,  in  in- 
vestigating the  question  of  the  Rugosa  operculata  of  Idndstrom.  But 
I  have  examined  others  also,  with  different  degrees  of  success.  In 
the  specimens  which  Mr.  H.  Woodward  had  had  cut,  the  fossilization 
had  been  very  perfect,  and  much  of  the  calcite  had  been  replaced  by 
crystalline  carbonate  of  lime.     The  calicular  fossa  and  the  cavities, 

*  On  decalcifying  a  part  of  a  thin  transverse  section  of  this  Thamnastraa,  and 
after  careful  washing,  a  TVm>  immersion-lens  was  used.  It  showed  a  basement 
tissue  almost  homogeneous,  on  which  were  numerous  straight  and  a  few  rami* 
fying  tubes,  resembling  in  shape  the  refractive  tubes  of  the  perfect  specimen. 
The  tubes  were  such,  and  not  excavations  in  the  homogeneous  tissue  ;  and  they 
had  each  a  proper  and  hyaline-looking  wall ;  the  contents  were  more  refractive 
than  it  ana  than  the  surrounding  structures.  Hence  the  cellulose  wall  was 
preserved  during  the  process  of  fossilization. 
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generally  speaking,  were  filled  either  with  sand  and  minute  fossils  of 
the  same  period  as  the  mass,  or  with  crystalline  carbonate  of  lime. 
The  specimens  were  very  perfect  and  had  not  been  rolled. 

In  investigating  these  parasitic  growths  and  perforations  in  recent 
and  fossil  specimens,  it  is  necessary  to  use  thin  sections  for  transmitted 
light ;  but  a  thick  section  often  exhibits  the  refractive  tubes  when 
reflected  light  is  employed.  The  sections  of  the  fossils  should  be 
carefully  made,  and  scratches  on  their  surfaces  noted ;  and  in  order 
to  prevent  erroneous  interpretations,  it  is  as  well  not  to  record  any 
tubes  as  parasitical  in  their  formation  unless  they  contain  matters 
resembling  more  or  less  those  of  the  recent  forms,  and  unless  they 
can  be  traced  in  and  amongst  the  normal  tissue,  and  not  only  on  the 
surface. 

The  best  plan  is  to  examine,  first  of  all,  that  part  of  the  section  of 
the  coral  or  shell  which  was  formerly  exposed  to  the  sea ;  there  it 
is  exceptional  not  to  find  one  or  more  straight  dark  lines  passing 
from  close  to  the  external  margin  or  old  surface  inwards  at  different 
angles  (fig.  6).  (A  magnifying  power  of  350  linear  is  necessary,  and 
careful  and  good  illumination  and  definition.)  When  they  are  satis- 
factorily seen  it  is  necessary  to  examine  them  throughout  their  length, 
and  to  establish,  if  possible,  their  relation  with  others  and  with  the 
outside,  and  to  notice  their  contents. 

These  perforations  or  tubes,  and  the  concavities  and  little  loculi 
with  which  they  are  often  connected  at  the  surface,  cannot  be  mis- 
taken for  Cliona-boringa;  for  these  last  are  larger,  contain  spicules, 
and  do  not  present  the  long  and  often  tubular  branchings  of  the 
vegetable  parasites,  which,  moreover,  never  contain  Bpicula.  But 
the  loculi,  when  some  of  the  Algae  get  into  the  corals,  do  often 
resemble  the  results  of  the  early  efforts  of  Cliona  to  perforate ;  and 
it  is  quite  possible  that  the  Algae  may  have  subsequently  occupied 
the  space  where  a  Cliona  had  been  at  work  ineffectually. 

Their  length,  minute  size,  and  general  characters  separate  them 
from  some  very  ill-defined  organic  perforations  seen  in  Belemnites  and 
modern  shells,  and  which  Fischer*  and  Quenstedt  have  termed 
Dmdrina.  It  is  hardly  necessary  to  suggest  that  the  edges  of  the 
planes  of  crystallization  in  no  way  resemble  the  tubes. 

Appearance  of  ike  tubes  and  other  parasitic  productions  in  Gonio- 
phyllum  pyramidale  (Plate  XVI.). — The  microscopical  elements  to 
be  observed,  are : — 

1.  Tubes  which  have  no  proper  wall,  and  which  are  excavations 
out  of  the  coral-structures.  They  are  found  (a)  just  beneath 
the  Burface,  running  parallel  to  it ;  but  these  are  rare  (fig.  2) ;  (fi) 
running  more  or  less  inwards  at  different  angles  to  the  surface, 
many  being  found  near  to  the  edge  of  the  coral- wall,  and  a  few  far 
away  towards  the  interior  (figs.  6  &  9).  These  last-mentioned 
tubes  do  not  vary  much  in  Bize,  and  average  in  diameter  about 
0*008  in.  Their  calibre  does  not  alter  in  different  parts  of  their 
course,  which  is  rarely  curved,  usually  straight,  and  occasionally 
branching,  the  branches  being  often  as  large  as  the  parent  tube. 
*  Rscher, '  Comptee  Bendus.'    Dec  6,  1875. 
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Both  the  kinds  (a  and  /J)  are  usually  filled,  except  in  the  axis,  by  a 
dark  granular  matter ;  and  the  tabes  therefore  present  the  appearance 
of  dark  edges  with  a  longitudinal  central  clear  line.  The  length,  in 
some  instances,  extended  over  more  than  one  field  of  the  microscope. 
Each  ends  in  a  cul-cU-sac,  which  in  this  instance  is  not  swollen  out ; 
and  often  where  there  are  no  cell-contents  for  a  little  space  the 
absence  of  special  walls  can  be  readily  determined.  Usually  no 
origin  or  ending  of  the  tubes  can  be  seen ;  but  in  a  few  instances 
their  commencement  in  dark  spots  at  the  margin  of  the  coral-wall 
can  be  readily  seen  (fig.  6).  These  spots  are  either  not  much 
larger  than  the  tube,  or  are  very  much  bigger,  and  are  filled  with  a 
mass  of  globules  with  whose  exterior  the  tubes  seem  to  be  continuous. 
Occasionally  small  dark  pigment-masses  with  a  definite  globular 
shape  are  in  contact  with  one  end  of  the  tubes  (fig.  14).  The  large 
masses  are  probably  the  remains  of  resting  spores  or  oospores ;  and 
the  others  are  co  idia  (fig.  3).  With  regard  to  the  numbers  of  the 
tubes  j3  there  appears  to  be  no  regularity ;  in  some  places  they 
are  very  widely  apart,  and  in  others  crowded ;  bat  they  never  appear 
to  inosculate  with  others,  but  simply  branch. 

In  one  or  two  tubes  in  the  specimens  examined  there  are  dark  spots ; 
and  in  one  the  calibre  is  swollen  out  at  one  spot. 

y.  There  are  here  and  there  very  minute  tubes  which  ramify 
frequently  and  in  a  short  space,  so  as  to  be  very  dendritic  in 
appearance ;  they  are  densely  black  and  opaque,  and  their  diameter 
is  about  one  half  that  of  the  other  tubes. 

2.  More  or  less  globular  conidium-like  masses  are  either  separate 
or  crowded,  and  in  this  last  instance  often  are  in  linear  series, 
(a)  They  constitute  moniliform  bodies  (fig.  3),  sometimes  with 
tubular  projections,  (fi)  They  are  in  evident  linear  series,  but  are 
disconnected;  nevertheless  traces  of  excavations,  which  probably 
are  relics  of  old  tubes  which  once  contained  them,  are  occasionally 
visible. 

3.  Tubes  having  a  calibre  twice  as  large  as  the  others,  or  even  more, 
and  whose  contents  are  discontinuous,  dark  and  often  in  the  form  of 
the  conidium-globule  (fig.  8). 

There  is  a  piece  of  a  Brachiopod  shell  in  the  matrix  within  the  cali- 
cular  fossa  of  the  coral ;  and  it  shows  tubes  /3  to  perfection ;  and 
they  look  like  so  many  straight  and  curved  wires  (fig.  4). 

The  tubes  mentioned  under  section  y,  and  the  more  or  less 
irregular  black  spots  with  which  they  are  continuous,  readily  receive 
explanation  after  the  study  of  the  Algae  parasitic  in  the  Thamnastrwa 
from  Tasmania  (fig.  1),  and  of  Calceola  sandalina  (fig.  11). 

In  the  Tkamnastrcea  the  enormous  multitude  of  tubes  simulate 
radiating  spicula  in  appearance,  and  here  and  there  one  or  two  can 
readily  be  traced  running  into  a  black  mass.  This  irregular  shape 
produced  by  the  growth  of  the  Alga  depends  on  the  special  molecular 
structure  of  the  coral.  If  the  tubes  were  obliterated  by  fossilization, 
and  the  black  spaces,  not  unlike  the  lacunae  of  bone,  remained, 
the  appearance  would  greatly  resemble  that  of  some  parts  of  Chnio- 
phyllum. 
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Examination  of  Calceola  sandalina. — In  the  Calceola  examined 
the  tubes  of  all  kinds  were  seen  and  conidia  of  globular  shape 
included  in  the  larger  ones.  The  largest  tubes  (fig.  12)  are  four 
or  fire  times  as  broad  as  the  medium-sized  straight  tubes  (fig.  11) ; 
and  their  exit  in  a  loculus  opening  outwards  at  the  surface  can  be 
seen.  The  loculus  (figs.  12  &  13)  sometimes  contains  a  crowd  of  spores ; 
and  little  wavy  canals  pass  out  from  all  sides.  The  contents  of 
the  tubes  have  undergone  alteration  in  some,  and  a  reddish  tint  has 
replaced  the  ordinary  greenish-black  colour. 

The  sections  of  such  fossils  necessarily  contain  tubes  at  different 
angles ;  and  some  which  lie  parallel  to  the  line  of  incision  are  injured ; 
hence  the  continuity  of  the  conidium-bearing  tubes  is  interfered  with, 
and  these  are  often  left  without  a  trace  of  the  former  tube.  The 
same  occurs  with  regard  to  the  small  branching  tubes,  which  become 
broken  up  and  isolated  by  the  section.  This  is  seen  in  a  Lower 
Silurian  Poraminifer  (fig.  5). 

Ebmarks. 

A  comparison  of  the  parasitic  excavations  of  recent  corals  with 
those  of  the  Secondary  and  Palaeozoic  ages  presents  most  remark- 
able resemblances.  Tube  may  be  compared  with  tube  in  all  its 
parts ;  but  fossilization  has  produced  appearances  in  the  spores 
and  conidia  which  suggest  distinction  between  the  recent  and  the 
fossil  kinds  of  Algae.  Nevertheless  the  general  character  of  the  re- 
productive resting  spores  and  the  conidia  arising  from  the  vegetative 
part  of  the  organism  remain  much  the  same.  The  large  tubes  in 
the  palaeozoic  coral  and  Brachiopod,  or  whatever  else  Calceola  may  be, 
would  at  first  sight  indicate  a  different  species  of  parasite  from  those 
which  formed  the  smaller  penetrations ;  but  both  large  and  medium- 
sized  tubes  often  exist  in  the  same  recent  oorallum,  and  these  last 
now  and  then  give  off  others  so  small  and  so  finely  linear  that  their 
diameter  cannot  be  measured.  Whilst  recognizing  two  or  three 
forms  of  parasitic  Algae  within  these  sclerenchymatous  structures  of 
recent  and  ancient  date,  it  does  not  follow  that  they  are  to  be  made 
into  different  species.  They  may  all  be  parts  of  the  same  mycelium- 
like growth  of  the  parasite,  and  may  depend  upon  the  nature  of  the 
nidus  in  which  growth  has  taken  place. 

Tubes  of  analogous  sizes  and  shapes  are  found  together  in  recent 
corals,  and  they  are  often  continuous. 

Wedl  suggested  that  the  Conferva  which  grew  into  the  shells  was 
SaproUgnia  ferax.  Eiitzing  and  Kolliker,  from  the  want  of  cell- 
like partitions  in  the  tubes,  objected  to  the  confervoid  nature  of  the 
parasite,  and  urged  that  it  is  one  of  the  Fungi— one  of  a  group 
which  grows  at  the  expense  of  animal  tissues,  and  secretes  carbonic 
anhydride. 

The  distinction  between  SaproUgnia  and  the  Fungi,  however,  is 
but  doubtful.  Its  spores  vegetate;  and  the  tube  growing  from 
them,  in  some  species,  speedily  perforates  Confervas  and  dives  into 
their  cells,  growing  and  developing  at  their  cost.    It  is  really  in- 
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separable  from  the  group  of  the  AMyce,  or,  rather,  from  a  group 
which  embraces  Achlya,  Empusina,  Sporendonema  aud  possibly 
Botrytis*,  all  being  members  of  the  Protista  group,  whose  natural 
distinctions,  evident  enough  sometimes,  are  not  so  in  some  parts  of 
their  life-cycle.  That  one  becomes  the  other,  on  a  change  of  the 
surrounding  medium  occurring,  is  one  of  the  most  interesting  and 
suggestive  of  facts.  Evidently  the  parasite  got  into  the  old  corals, 
as  it  does  into  those  now  living,  from  the  outside,  and  by  contact, 
growth,  pressure,  protoplasmic  movement  and  the  dissolving  effect 
of  the  evolved  gas,  Blowly  and  surely  penetrated.  The  course,  size, 
shape,  and  length  of  the  tube  being  determined  by  the  presence  of 
the  organic  matter  within  the  sclerenchyma  and  the  arrangement  of 
the  coral-spicula,  it  is  best  to  term  the  ea&ophyte  an  Alga,  and 
to  classify  it  amongst  the  unicellular  types  in  the  neighbourhood 
of  Achlya,  calling  it  PalcmMya  perforans.  It  is  of  course  im- 
portant to  decide  when  the  perforations  were  made.  Were  they 
forming  contemporaneously  with  the  growth  of  the  coral  and  shell, 
or  were  they  of  subsequent  date  ?  In  the  first  case  the  Silurian  and 
Devonian  age  of  the  Achlyan  becomes  apparent ;  but  if  the  second 
supposition  be  at  all  consistent  with  facts,  the  whole  interest  of  the 
subject  vanishes. 

In  favour  of  the  theory  of  the  simultaneous  life  of  the  host  and 
the  parasite,  the  theory  of  the  growth  of  the  Alg©  in  recent 
times  must  be  advanced  and  the  presence  of  sea-water  and  of 
animal  tissue  of  a  low  vitality  assumed.  In  addition  there  is  the 
fact  that  a  portion  of  a  Brachiopod  included  in  a  sandy  matrix 
within  the  coral,  and  not  continuous  with  coral-structures,  con- 
tains the  tubes.  Moreover  the  crystalline  mass  of  the  inter- 
stices of  the  coral,  although  it  holds  mechanically  abundance  of 
spores,  does  not  present  tubes  or  any  evidence  of  growth.  It  is 
therefore  in  accordance  with  our  knowledge  to  assert  that  the 
parasites  lived  at  the  same  time  as  the  organisms  which  they 
penetrated,  and  that  this  minute  Alga  presents  one  of  the  most 
singular  proofs  of  the  persistence  of  form  and  life-cycle  from  the 
palaeozoic  age-  to  the  present.  In  conclusion,  I  have  to  thank  Mr. 
W.  8.  Dallas,  Prof.  Morris,  and  Mr.  H.  Woodward  for  references, 
suggestions,  and  sections. 

The  characteristic  tubes  of  this  Alga  have  been  found  by  me  in 
species  of  CyathophyJlum  from  the  Upper  Silurian,  and  in  a 
Foraminifer  from  the  Lower  Silurian  of  Canada. 

EXPLANATION  OP  PLATE  XVI. 

^  9'  t\?S^  J*  Tf™**0*****  from  the  Miocene  of  Tasmania,  X  350. 

th     m.PonioPhyUufn  pyramidale  from  the  Upper  Silurian,  close  to 

4   tTC!"'11  ?owi<5>4Ww»»jwra»tuffl&,  x  460. 

mtdaU,  x  350       °f  *  Srachiopod  ^t*^"1  in  Goniophyllnm  pyra- 


*  See  Micrographic  Dictionary,  1875,  3rd  edit,  for  these  genera. 
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Fig.  5.  Tube  with  oonidia,  from  an  American  Lower-Silurian  Foraminifer,  X 
400. 

6.  Tube  near  the  edge  of  Goniophyllvm  pyramidale,  showing  the  entrance 

of  the  tube  from  the  outside,  X  350. 

7.  Tubes  in  Goniophyllvm  pyramidale,  alternately  dark  and  light. 

8.  Tubes  with  oonidia  in  GonwphyUum  pyramidale,  x  400. 

9.  Tube  of  moniliform  appearance  from  Goniophyllum,  X  360. 

10.  Tubes  cut  across,  showing  their  lumen,  from  Goniophyllum,  X  360. 

11.  Tubes  in  Caleeola  sandalina,  from  the  Deyonian,  X  350. 

12.  Large  tube,  opening  at  the  surface  of  Caleeola  sandalina,  reaching  in 

but  a  short  distance,  and  containing  oospores,  some  of  which  nave 
germinated  and  formed  canals,  which  radiate  from  the  end  of  the 
tube,  X  400. 

13.  A  similar  tube  from  Caleeola  sandalina,  containing  oospores,  X  '400. 

14.  Tube  with  spherical  spore-sac,  from  Goniophyllum  pyramidale,  X  350. 

Discussion. 

Prof.  Morris  expressed  his  agreement  with  the  author's  con- 
cluding remarks,  and  thought  that  the  discovery  of  these  low  para- 
sitic organisms  so  far  back  in  geological  time  was  especially  interest- 
ing, as  showing  the  identity  of  conditions  in  all  periods.  He 
remarked  that  another  tubular  structure  different  from  those  de- 
scribed by  Dr.  Duncan  had  been  observed  by  M'Coy  in  Pterinea  de- 
missa,  from  the  Wenlock  Limestone,  and  referred  to  Cliona.  This 
latter  structure  had  also  been  observed  in  some  Jurassic  and  Creta- 
ceous Mollusca. 

Mr.  Ethertdgb  agreed  with  Prof.  Duncan  in  regarding  these 
parasites  as  Algae,  and  remarked  especially  the  similarity  of  the 
phenomena  to  those  presented  by  many  freshwater  Algae,  referring 
especially  to  Vaueheria.  The  continuity  of  conditions  of  life  thus 
manifested  was,  he  thought,  very  remarkable.  He  stated  that 
numerous  sections  of  Scandinavian  palaeozoic  Corals  given  to  him  by 
Sir  Roderick  Murchison  were  full  of  tubular  forms  like  those  de- 
scribed in  the  paper. 

Prof.  Ramsay  asked  Prof.  Duncan  to  state  how  much  of  the  con- 
tents of  his  paper  was  to  be  regarded  as  new. 

The  Author,  in  reply,  suggested  that  a  similar  question  might 
just  as  well  be  put  to  the  author  of  every  paper.  His  new  points 
were  the  establishment  of  the  extension  of  these  parasitic  organisms 
to  a  much  earlier  period  than  any  in  which  they  had  previously  been 
recognized,  especially  their  occurrence  in  the  very  ancient  Corals  to 
which  he  had  referred,  and  certain  particulars  as  to  their  characters 
and  mode  of  occurrence.  The  parasitic  Algae  could  not  be  con- 
founded with  such  sponges  as  that  found  by  M'Coy  or  with  Cliona, 
as  their  tubules  were  very  much  smaller  than  those  formed  by  the 
sponge ;  in  fact  the  tubules  of  the  parasitic  plants  had  about  the 
same  diameter  as  the  spicules  of  Cliona, 
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24.  On  the  Occttbbefcb  of  the  Bhjhig  Beds  in  Lkigbstkrshibe. 
By  Wm.  J.  Hjlrriboit,  Esq.,  F.G.S.,  Curator  of  the  Town 
Museum,  Leicester.    (Bead  March  8, 1876.) 

Good  inland  sections,  exhibiting  the  junction  of  the  Triassic  and 
Liassic  beds,  are  rather  scarce  in  this  country.  I  wish,  therefore, 
to  describe  an  exposure  of  the  Bhaetic  beds  near  this  town,  which 
is  of  interest  as  proving  the  continuity  of  that  formation  and  the 
remarkable  persistence  of  lithological  conditions  in  its  strata ;  whilst 
the  oocurrenoe  of  some  new  species  of  fossils  shows  that  our  know- 
ledge of  the  life  of  that  period  is,  as  yet,  very  incomplete. 

These  Bh&tio  beds  are  to  be  seen  in  three  brick-pits  situated  at 
the  northern  extremity  of  the  Spinney  Hills,  a  low  range  forming 
the  eastern  boundary  of  the  town  of  Leicester  and  the  Soar  valley 
(%.  2). 

The  Bheetics  form  a  capping  to  the  hills  at  this  northern  end ;  but 
southwards,  as  the  ridge  rises,  they  are  overlain  by  a  thick  covering 
of  drift  to  the  depth  of  at  least  20  or  80  feet 

Eastwards  the  upper  members  have  been  denuded  by  a  little 
stream,  the  Willow  Brook,  although  the  lowest  bed  (the  Grey  Marl) 
is  nearly,  but  not  quite,  continuous  right  across  to  Crown  Hill, 
where  Lower  lias  beds  (yellow  fucoidal  limestones)  first  put  in  an 
appearance  (see  fig.  2). 

The  floor  of  the  brick-pits  just  mentioned  is  about  10  feet  deep  in 
red  Upper  Keuper  Marls.  Descending  sections  in  neighbouring 
pits  and  in  the  railway-cutting  near  the  station  show  an  alterna- 
tion of  Bad,  Grey,  and  Blue  Marls  to  a  depth  of  from  80  to  100  feet. 
It  is  noticeable  that  the  relative  thickness  of  the  red  bands  becomes 
less  as  we  approach  the  top.  Selenitic  crystals  and  salt  pseudo- 
morphs  occur  in  these  beds ;  but  they  have  as  yet  exhibited  no  traces 
of  life,    A  thick  nodular  band  of  gypsum  occurs  about  60  feet  down. 

Close  to  the  eastern  foot  of  the  Spinney  Hills  a  boring  for  coal  has 
reached  the  depth  of  741  feet  (fig.  2).  This  commences  just  below  the 
Khaetic  Grey  Marl,  and  passes  through  690  feet  of  Keuper  Bed  Marls 
containing  much  fibrous  gypsum,  and  in  the  lower  part  thick  red 
clays,  and  then  enters  a  bed  of  sandstone,  through  which  it  is  now 
passing.  It  would  thus  seem  probable  that  these  Triassic  beds 
thicken  in  this  direction ;  and  as  we  are  receding  from  Charnwood 
Forest  (a  Triassic  island),  this  would  be  a  likely  consequence.  Of 
the  51  feet  of  Lower  Keuper  Sandstone,  the  first  20  feet  is  described 
by  Mr.  J.  A.  Bosworth,  F.G.S.,  the  engineer,  as  a  perfect  quicksand, 
no  solid  cores  being  obtained.  At  Hinckley,  twelve  miles  to  the 
S.W.,  the  Bed  Marls  are  of  the  same  thickness,  as  proved  by  a 
borehole  for  water,  of  which  a  good  supply  was  obtained,  but  too 
much  impregnated  with  mineral  matters  for  use ;  the  same  thickness 
of  marl  was  also  proved  at  Bugby,  where  the  water  was  equally  bad. 

In  the  brick-pits  the  Bhaetics  are  seen  to  rise  nearly  vertically  for 
about  30  feet  above  the  Bed  Marl,  to  which  their  stratification  is 
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Kg.  1. — Vertical  Section  of  Rhcetic  Beds,  Spinney  Hills,  near 
Leicester. 
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parallel.  The  upper  surface  of  the  Bed  Marl,  however,  is  somewhat 
uneven,  being  hollowed  out  here  and  there  in  long  curves.  There  is  a 
slight  dip  to  the  Bouth-east.  The  bed  which  I  consider  to  be  the 
lowest  member  of  the  Ehaetics  is  No.  2  in  the  accompanying  section 
(fig.  1).  It  is  a  light  buff-coloured  hard  sandy  marl,  some  16  feet  in 
thickness,  often  of  a  greenish  tint,  with  blue  nodules  here  and  there 
in  the  lower  part.  It  is  very  much  fissured,  and  has  a  conchoidal 
fracture.  It  is  traversed  by  three  or  four  courses  of  harder,  whiter 
stone,  which  weather  out  from  the  rest,  and  are  more  laminated. 
Crystals  of  selenite  are  plentiful  in  this  bed ;  and  I  have  also  speci- 
mens from  it  of  pseudomorphic  salt-crystals,  and  a  slab  showing 
ripple-marks.  Small  fish-scales  are  numerous,  and  dark  brown 
markings  as  of  vegetable  matter.  I  have  obtained  a  single  insect- 
wing  from  this  bed.  Pittings,  as  of  rain-drops,  occur  in  all  parts, 
and  the  upper  surface  is  very  uneven.  This  lowest  Rhaetic  bed  ex- 
tends for  some  distance  to  the  north  and  east  of  the  Spinney  Hills. 

On  the  uneven  upper  surface  just  mentioned  rests  the  bone-bed, 
a  stratum  not  more  than  2  or  3  inches  in  thickness.  This  bed  is 
not  easy  to  note  on  the  "  face  "  of  the  working,  which  is  usually  in 
a  very  "  mashy  "  soft  condition ;  and  I  had  much  difficulty  in  finding 
it.  On  digging  back  some  distance  it  becomes  comparatively  hard ; 
but  its  contents  are  then  so  brittle  as  to  be  very  difficult  of  extrac- 
tion. For  the  detection  of  the  numerous  small  teeth,.  Bcales,  &c. 
which  it  contains  I  have  found  the  best  plan  to  be  to  take  home 
baskets  full,  which  can  then  be  sorted  and  examined  at  leisure  with 
a  lens.  From  this  bone-bed  I  have  obtained  large  vertebrae  of 
Ichthyosaurus,  numerous  fragments  of  rib-bones,  one  probably  of 
Plesiosaurus,  about  18  inches  long,  together  with  numerous  unde- 
termined bones,  some  of  which  have  a  Labyrinthodont  character. 

Spines  of  Nemacanthus  monilifer  and  Hybodus  minor,  teeth,  scales, 
&c.  of  Hybodus,  Acrodus,  Saurichihys  apicalis,  Sargodon  tomicus, 
Qyrolepis,  Ceratodus,  large  Saurian  teeth,  worn  and  rolled  bones, 
phosphatic  nodules,  coprolites  containing  fish-scales,  &c.  are  all  of 
more  or  less  frequent  occurrence  in  this  bed.  I  have  found  in  some 
coprolites  small  quartz  pebbles,  and  fragments  of  sandstone  pre- 
cisely resembling  the  Upper  Eeuper  Sandstone  of  the  Dane  Hills, 
on  the  opposite  side  of  the  Soar  valley. 

Pebbles  of  all  sizes  are  numerous  in  this  bone-bed.  They  are 
mostly  quartzose  or  slaty,  and  rounded;  many  are  3  or  4  inches 
in  length ;  and  I  should  refer  them  all  to  our  Charn wood- Forest 
rocks.  All  the  bones  are  highly  mineralized,  being  heavy,  and  of 
a  brownish  colour.  Small  concavo-convex  bodies  are  common,  much 
like  Discina  in  appearance;  these  are  probably  the  ends  of  bi- 
concave vertebrae,  of  which  the  central  part  has  decayed  away. 

Two  small  bivalve  shells  (Axinua  dongatus  and  A.dcpressus)  occur 
loose  in  the  bone-bed ;  they  also  occur  in  the  "  flinty  bed  "  at  Beer 
Crowcombe*. 

Next  above  the  bone-bed  come  about  2  feet  6  inches  of  coarse 
black  shales  (No.  4  in  section),  very  pyritous,  the  fossils  being 
*  Quart  Joura.  Geol.  Soc.  voL  xvii.  p.  503. 
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decomposed ;  and  these  are  overlain  by  a  thin  irregular  band  of  hard 
reddish  sandstone  from  £  an  inch  to  1  inch  thick,  whose  surface  is 
covered  with  casts  of  Axinus  (formerly  called  PuUastra). 

Then  come  about  2  feet  of  finely  laminated  black  shales  (No.  6). 
It  was  this  bed  which,  in  February  1874,  yielded  me  the  first  fossil 
evidence  {Cardium  rharticum  and  Avicvla  contorta)  by  which  I  was 
enabled  to  prove  these  beds  to  be  of  Rhaetic  age. 

From  the  next  stratum  (No.  7)  in  March  1874, 1  got  a  Starfish,  the 
first  found  in  British  Rustics.  Curiously  enough,  the  same  species 
occurred,  about  that  time,  to  Professor  F.  Komerin  the  Rhaetic  beds 
of  Hildesheim*,  whilst  it  has  since  been  found  by  Mr.  G.  Embrey  at 
Westbury-on-Severn.  It  has  been  determined  by  Dr.  Wright  to  be 
his  Ophiokpis  Damesii.  I  have  recently  found  a  thin  band  in  the 
shales  almost  made  up  of  the  remains  of  these  beautiful  Starfishes, 
their  joints  occurring  by  thousands.  There  are  apparently  at  least 
two  distinct  species. 

This  bed  (No.  7)  consists  of  rather  dark  shales  with  sandy  partings. 
Here  I  also  found  a  new  species  of  Pholidophorus,  which  I  propose, 
provisionally,  to  name  P.  Mottiana,  after  my  friend  Mr.  F.  T. 
Mott,  President  of  the  Leicester  Literary  and  Philosophical  Society. 
Avicxda  contorta  and  Cardium  rhaticum  also  occur.  There  are,  too, 
some  curious  oval  markings,  with  fine  strise  radiating  from  the  centre ; 
but  these  may  be  inorganic.  Worm-tracks  are  numerous.  A  white 
amorphous  mineral,  Kaolinite,  with  a  little  bitumen,  fills  many  fissures 
in  these  beds  of  shale ;  and  the  cavities  left  by  radiating  selenite  crystals 
cover  the  surfaces  in  great  abundance.  Flakes  of  mica  spangle  many 
of  the  sandy  partings  which  occur  in  the  upper  part. 

The  uppermost  shales  seen  in  the  section  (No.  8)  are  very  light 
in  colour,  and  about  4  feet  thick.  All  the  shells  already  men- 
tioned occur  in  them,  together  with  Modiola  minima. 

Indications  of  a  bed  of  hard  rubbly  limestone  are  to  be  seen 
capping  the  brick-pit  sections.  Drainage-operations  higher  up  the 
crest  of  the  Spinney  Hills,  in  connexion  with  new  streets  to  be 
built  there,  have,  however,  lately  offered  a  good  opportunity  of 
examining  beds  somewhat  higher  in  the  series  than  those  already 
noticed. 

The  bed  of  limestone  (No.  9)  is  nodular,  the  nodules  occurring  at 
intervals  of  a  foot  or  more.  They  are  intensely  hard,  but  soon 
break  up  into  cubical  masses  on  exposure  to  the  air,  being  traversed 
in  all  directions  by  cracks  filled  with  calcite.  I  have  recognized  this 
limestone  as  entering  inio  the  composition  of  Roman  pavements 
found  in  Leicester;  it  would,  in  fact  present  ready-made  tesserae  to 
the  hand  of  the  artisan.  It  has  a  conchoidal  fracture,  and  is  of  a 
bluish  tint,  but  grey  on  the  outside.  Fossils  are  very  rare  in  it ;  but 
I  have  found  caste  of  Estheria  minuta  and  Avicula  contorta  on  the 
outer  surfaces. 

A  second  nodular  bed  of  limestone  exists,  I  believe,  about  2  feet 
above  the  one  just  mentioned,  and  then  beds  of  light-coloured  clay 
and  sand ;  but  here  the  drift  obscures  the  section,  and,  as  it  thickens 
*  ZeiUchr.  d.  deutech.  geol.  Ges.  1874. 
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rapidly  along  the  crest  of  the  hill,  prevents  further  investigation. 
The  existence,  however,  of  beds  higher  in  the  series  is  shown  by  the 
occurrence  of  blocks  of  limestone  in  the  drift,  with  AfonotU  decvnata 
and  Anoplophora  r*u$culoicU$. 

I  have  found  further  traces  of  the  Rhsetics  at  a  point  about  a  mile 
north  of  the  Spinney  Hills,  near  the  site  of  the  Borough  Asylum ; 
and  I  believe  Mr.  R.  Etheridge,  F.R.S.,  has  noted  their  occurrence 
at  a  spot  about  9  miles  further  north  between  Barrow  and  Sileby. 
I  noted  them  here  during  the  widening  of  the  Midland  main  line  in 
1873,  and  the  section  is  mentioned  by  Mr.  H.  B.  Woodward  (GeoL 
Mag.  1874,  p.  480). 

Still  further  to  the  north-east  the  same  beds  have  been  cut  through 
near  Stanton  by  the  railway  now  in  course  of  construction  from 
Nottingham  to  Melton ;  but  here,  again,  the  higher  Rhaetic  beds  seem 
to  have  been  much  denuded.  The  nearest  southern  exposure  seems 
to  be  at  Copt  Heath,  near  Knowle,  in  Warwickshire,  as  noted  by  the 
Eev.  P.  B.  Brodie  (Quart  Journ.  GeoL  Soc.  voL  xxx.  p.  746). 

In  the  deep  boring  for  water  at  Rugby  the  Rustics  were  reached 
at  a  depth  of  about  450  feet.  The  black  shales  were  there  8  feet 
thick,  and  the  hard  sandy  marls  beneath  about  10  feet. 

Although  good  sections  of  the  Rhaetic  beds  are  rare  in  Leicester- 
shire, yet  the  line  of  outcrop  of  the  strata  can  be  clearly  traced  from 
Leicester  northwards,  forming  the  eastern  boundary  of  the  Soar 
▼alley,  and  varying  from  a  quarter  to  about  half  a  mile  in  width. 
Southwards  the  great  thickness  of  drift  makes  an  exact  tracing 
difficult. 

At  Crown  Hill  (fig.  2)  I  have  lately  detected,  in  the  preliminary 
works  for  the  Great  Northern  line  from  Melton  to  Leicester,  certain 
beds  of  limestone,  called  in  Warwickshire  the  uFirestone6"  and 
"  Guineas,"  which  mark  the  passage  of  the  Rustics  into  the  Lower 
lias,  together  with  a  thick  bed  which  is  probably  true  White  Lias. 
The  cutting  here  will,  I  believe,  exhibit  a  very  interesting  series  of 
beds,  and  enable  us  to  trace  the  succession  for  a  long  way  up. 

Wherever  the  true  junction  of  the  lias  and  Trias  is  exposed  in 
this  country,  the  Rhaetic  beds  appear  to  be  invariably  present.  In 
1874  I  examined  a  fine  section  exposed  in  widening  the  Midland 
main  line  between  Leicester  and  Wigston,  which  seemed  to  contra- 
dict this ;  Lower  Lias  Shales  and  limestones,  with  Ammonites 
planorbis,  appeared  to  be  resting  on  Upper  Keuper  Marls.  A  close 
examination  of  the  latter,  however,  showed  them  to  be  recomposed 
stuff;  the  Rustics  had  been  eroded,  probably  by  glacial  action,  and 
their  place  filled  with  transported  material. 

I  am  much  indebted  to  the  Rev.  P.  B.  Brodie,  Messrs.  W.  H. 
Hudleston,  W.  Davies,  L.  C.  Miall,  C.  Moore,  and  others,  for  their 
kind  assistance  in  the  determination  of  specimens. 

The  students  in  mf  science  classes,  especially  Messrs.  J.  E.  Elgood, 
J.  R.  Plant,  L.  H.  Llewellyn,  and  W.  J.  Harrison,  jun.,  have  ren- 
dered valuable  aid  in  searching  the  beds. 
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Dl8CU38ION. 

Prof.  T.  Rupert  Jones  referred  to  Mr.  Harrison's  exactness  and 
praiseworthy  energy  in  working  out  the  geology  of  Leicestershire, 
and  also  alluded  to  the  enlightened  and  liberal  support  of  science  on 
the  part  of  the  Corporation  of  Leicester.  He  remarked  that  some 
of  the  bones  found  in  the  Bone-bed  of  the  Spinney  Hills  were  of 
large  size  and  apparently  perfect. 

Mr.  Judd  pointed  out  the  great  interest  and  value  of  this  new 
exposure  of  Rhaetic  strata  which  had  been  so  admirably  described  in 
Mr.  Harrison's  paper.  Hitherto  we  had  no  knowledge  of  any 
sections  of  the  beds  of  this  age  between  those  of  the  Warwickshire 
outliers  described  by  the  Rev.  P.  B.  Brodie  and  that  seen  at 
Newark. 

Prof.  Seeley  wished  to  correct  an  error  into  which  he  had  fallen 
in  describing  a  species  of  Tanyatroph&us  from  Leicester.  He  had 
ascribed  it  to  the  Rhaetic  beds ;  but  it  was  really  from  the  Keuper. 


Digitized  by  VjOOQ IC 


OK  THE  PHYSICAL  HISTORY  OF  THE  DEB,  WALES.  211) 


25.  On  the  Physical  History  of  the  Dee,  Wales.     By  Professor  A. 
C.  Eamsat,  LL.D.,  F.R.S.,  V.P.G.8.    (Head  April  26, 1876.) 

[Platb  XIV.] 

The  surface  of  Bala  Lake  is  600  feet  above  the  level  of  the  sea,  and 
is  bounded  on  the  north-west  and  south-east  by  hills  that  near  the 
lake  have  elevations  of  about  1200  and  1300  feet,  and  therefore  rise 
to  heights  of  600  and  700  feet  above  its  level,  while  at  greater  dis- 
tances, but  still  not  far  off,  they  rise  to  heights  of  1800  and  1900 
feet.  On  the  south-west  there  is  a  long  gentle  slope,  which  attains 
a  height  of  about  800  feet  above  the  sea  at  the  watershed  close  by 
the  road  to  Dolgelli,  or  200  feet  above  the  lake,  beyond  which  the 
river  Wnion  drains  the  country  in  a  south-westerly  direction  into 
the  estuary  of  the  Mawddach. 

The  lake  is  about  130  feet  in  depth ;  and  at  its  north-eastern  end 
the  waters  of  the  Dee,  escaping  from  this  basin,  first  traverse  an 
alluvial  tract  nearly  three  miles  in  length,  the  detritus  of  which  has 
been  carried  from  the  adjoining  hills  by  rivers,  the  largest  of  which 
enters  the  Dee  near  Pont  Treweryn,  about  half  a  mile  below  Bala. 
Other  good-sized  streams  form  tributaries  of  the  Dee  below  this 
point,  and  have  helped  to  distribute  the  materials  of  the  alluvial 
plain,  beyond  which,  for  a  space  of  about  a  mile,  the  hills  close  in 
upon  the  banks  of  the  river  between  Glan-dwynant  and  Pont  Llan- 
derfeL  Between  this  point  and  the  neighbourhood  of  Corwen,  the 
river,  for  more  than  six  miles,  again  wanders  through  broad  allu- 
vial fiats,  after  which  it  flows  in  many  curvatures,  sometimes  making 
great  loops,  between  the  steep  slopes  of  the  vale  of  Llangollen,  which 
form  the  high  and  often  flat-topped  hills  of  Wenlock  shale  and  slate, 
that  sometimes,  not  far  from  the  river,  slope  up  to  800  and  1200 
feet  above  its  banks. 

Leaving  this  part  of  the  valley,  the  Dee,  with  an  exceedingly  tor- 
tuous course,  cuts  through  the  marked  escarpment  of  the  Carboni- 
ferous rocks  of  the  Denbighshire  coal-fields  east  of  Llangollen,  and, 
passing  through  a  less  elevated  tract  of  Permian  strata,  emerges  on 
the  low  undulating  country  of  New  R4d  sandstone  south  of  Chester, 
and  finally,  by  a  winding  channel,  enters  the  large  tidal  estuary 
known  as  that  of  the  Dee. 

Emerging  from  the  Permian  region  at  Erbistock,  the  country 
through  which  the  Dee  flows  to  Chester  may  still  be  called  a  valley, 
in  so  far  that,  miles  to  the  west,  there  rises  the  long  slope  of  Per- 
mian and  Carboniferous  strata,  while  the  eastern  boundary  is  formed 
of  the  escarpments  of  Keuper  Sandstone  of  the  Peckforton  Hills 
and  Delamere  Forest.  Eliminating  Xhe  minor  modern  effect  on  the 
scenery  produced  by  a  shroud  of  glacial  drift,  with  other  geologists 
1  do  not  doubt  that  before  the  Glacial  epoch  the  contoure  of  this 
wide  valley  were  much  the  same  as  now,  or,  in  other  words,  that, 
like  the  valley  of  the  Mersey  and  others  in  the  west  of  England, 
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it  is  preglacial.  The  broad  features  of  the  history  of  this  part  of 
the  valley  are  sufficiently  obvious ;  but  from  Erbistock  to  the  source 
of  the  river  in  Bala  Lake,  the  case  is  different ;  and  the  physical 
history  of  that  long  and  often  steep-sided  river- valley  has,  as  far 
as  I  know,  not  been  analyzed. 

At  Holt,  seven  miles  south  of  Chester,  the  river  is  about  100  feet 
above  the  level  of  the  sea;  near  Erbistock,  eight  miles  further 
south,  where  the  valley  enters  the  Permian  strata,  about  225  feet ; 
in  the  vale  of  Llangollen,  four  miles  west  of  the  town,  about  475 
feet;  near  Cor  wen,  about  500  feet ;  while  the  level  of  the  lake  where 
the  Dee  rises  is  only  600  feet  above  the  level  of  the  sea.  The  fall, 
therefore,  from  Erbistock  to  Chester,  where  the  river  is  tidal,  is 
about  225  feet  in  a  north  and  south  distance  of  15  miles  as  the  crow 
flies,  and  from  Bala  Lake  to  Erbistock  about  375  feet  on  a  direct 
line  nearly  east  and  west ;  so  that  the  average  slope  is  nearly  the 
same  the  whole  way,  or  about  15  feet  per  mile,  taking  no  account 
of  the  numerous  minor  curvatures  of  the  river.  . 

I  have  said  in  previous  memoirs  that  the  main  great  contours  of 
Wales  were  approximately  the  same  as  now,  before  the  beginning  of 
the  Glacial  epoch,  and  that  all  the  glacial  striations  of  the  mountain 
regions  of  North  Wales  correspond  to  the  trend  of  the  greater 
valleys.  The  chief  effect  of  the  glaciers  was  therefore  to  grind  and 
smooth  the  rocks  into  moutonnk  forms  in  the  bottoms  of  the  valleys 
and  on  the  sides  of  the  mountains,  and  in  doing  this  more  or  less  to 
deepen  and  widen  these  valleys,  and  here  and  there  to  scoop  out 
those  rock -bound  lake-basins  so  common  in  all  old  intensely  gla- 
ciated regions,  of  which  Bala  Lake  is  one.  The  proof  of  its  being  a 
true  rock-basin  is  simple. 

At  present  the  outflow  of  the  lake  is  through  an  alluvial  flat,  the 
western  end  of  which  helps  to  dam  up  the  water.  But  this  allu- 
vium, as  already  shown,  is  the  gift  of  the  tributary  rivers  that  here 
enter  the  Dee.  In  older  times  the  lake  was  more  than  double  its 
present  length ;  for  while  a  mile  and  a  half  of  delta  at  its  south- 
western end,  where  the  river  Wnion  enters,  marks  its  ancient  extent 
in  that  direction,  the  sheet  of  water  also  once  extended  23  miles 
east  of  Bala  over  the  area  now  occupied  by  alluvium,  giving  the 
ancient  lake  a  curved  form,  before  torrents  and  rivers  from  the  north 
and  south  filled  that  space  with  detritus  borne  down  valleys  that 
penetrate  far  in  among  the  hills.  The  effect  of  this  is,  that  the 
lake  now  is  little  more  that  3^  miles  long,  while  formerly  it  was 
8  miles  in  length. 

Bala  Lake  being  600  feet  above  the  sea,  and  about  130  feet  deep, 
its  bottom  is  470  feet  above  the  sea-level :  and  probably  its  rock- 
bottom  may  be  deeper  still ;  for  two  large  and  three  small  streams 
enter  the  lake  on  either  side  as  it  now  stands,  in  addition  to  the 
main  rivers  of  Afon  Uyn,  and  Dwfrdwy,  which  have  deposited  the 
delta  at  its  south-western  end;  and  doubtless  the  bottom  of  the 
lake,  by  means  of  these  rivers,  may  be  covered  with  detrital  matter. 

But  even  assuming  that  the  present  depth  of  the  lake  represents 
its  rocky  bottom,  the  fall  of  the  river  is  only  a  few  feet  in  the  whole 


Digitized  by  VjOOQ IC 


H18T0RT  07  THE  DEB,  WALES.  221 

of  the  alluvial  tract  at  its  eastern  end.  Beyond  this  the  Dee  runs 
through  a  narrow  valley,  with  solid  rocks  down,  or  almost  down, 
to  its  banks,  where  in  older  times  the  original  outflow  of  the 
Lake  was;  and  it  may  be  considered  certain  that  the  old  point 
of  outflow  is  a  true  rock  barrier.  If,  however,  there  should  still 
be  any  doubt  about  this  gorge  having  formed  the  original  rocky 
dam  of  Bala  Lake,  there  remains  other  evidence  on  the  question  of 
its  being  a  true  rock-basin ;  for,  about  two  miles  further  on  towards 
Llandrillo,  the  rocky  bottom  of  the  river  is  from  500  to  510  feet 
above  the  sea,  while  the  bottom  of  the  lake  is  only  470  feet  above 
that  level ;  and  even  beyond  this,  at  the  ferry  halfway  between 
Corwen  and  Llangollen,  14  miles  in  a  straight  line  E.N.E.  of  the 
lake,  the  rocky  bottom  of  the  river  is  about  475  feet  above  the  sea, 
or  5  feet  above  the  bottom  of  Bala  Lake.  As  there  is  not,  and  never 
could  have  been,  any  other  possible  outlet  for  the  water  of  the  lake 
than  the  channel  of  the  Dee,  it  is  quite  certain  that  it  lies  in  a  rock- 
bound  basin ;  and  indeed  it  seems  to  me  more  than  likely  that  the 
large  alluvial  flat  more  than  six  miles  in  length  between  Llandrillo 
and  Corwen  may  conceal  one  or  more  lake-basins,  now  filled  with 
detritus  brought  down  to  the  hollow  by  the  numerous  streams,  large 
and  small,  that,  over  this  space,  now  form  tributaries  of  the  Dee*. 
Similar  alluvial  flats,  once  lake-basins,  are  common  in  many  old 
glacier-valleys  in  Switzerland,  Cumberland,  Scotland,  and  elsewhere. 

The  glaciers  that  did  this  work  of  erosion  came  chiefly  from  both 
aides  of  Aran  Mowddwy,  down  Cwm  Croes  and  the  valley  of 
Dwfrdwy;  and  these  converging  near  where  Llanuwchllyn  now 
stands,  and  aided  by  other  tributary  ice  streams,  scooped  out  the 
basin  of  Bala  Lake,  and  went  far  beyond  its  ancient  boundary,  in  a 
valley  older  than  the  beginning  of  the  Glacial  epoch,  like  all  the  other 
great  valleys  of  Wales. 

Such  being  certainly  the  case  with  this  upper  part  of  the  valley  of 
the  Dee,  it  is  natural,  and  indeed  inevitable,  to  suppose  that  the 
further  continuation  of  the  valley  towards  and  beyond  Llangollen  is 
also  of  preglacial  origin;  and  this,  in  my  opinion,  seems  to  be 
strengthened  by  the  erratic  blocks  and  glacial  striations  mentioned 
by  Mr.  Mackintosh  in  a  memoir  on  boulders  and  erratics  in  Denbigh- 
shire, even  though  the  author  seems  doubtfully  to  attribute  some  of 
these  striations  to  the  action  of  floating  icef.  If,  for  the  sake  of 
argument,  we  assume  that  this  part  of  the  valley  (unlike  the  upper 
part)  is  not  preglacial,  then  the  mass  of  country  through  which  it 
runs  must  have  formed  a  dam  to  the  drainage  of  the  waters  of  the 
upper  Dee,  which  would  have  had  the  effect,  even  if  these  waters 
were  only  raised  200  feet,  of  filling  with  a  lake  ramifying  in  all  di- 
rections among  the  hills,  vast  tracts  of  Merionethshire.  Of  this 
supposititious  lake  there  is  no  sign  whatever. 

*  All  the  height*  mentioned  aboye  were  determined  by  angular  measurement* 
with  the  theodolite  by  the  late  Professor  Jukes,  Mr.  Aveline,  and  others.  They 
are  therefore  not  to  be  depended  on  within  a  few  feet;  but  any  possible  errors 
of  this  kind  are  too  small  to  affect  the  general  argument. 

t  Quart  Journ.  Geol.  Soo.  vol.  m.  p.  711  (1874). 
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Beyond  Erbistock,  where  the  Dee  leaves  the  hills,  and  all  down 
the  estuary,  the  valley  is  undoubtedly  preglacial,  in  so  far  that  the 
country  is  largely  shrouded  by  glacial  drifts. 

The  question  thus  arises,  by  what  means  was  the  valley  of  the  Dee 
excavated,  and  if  it  be  possible  to  discover  during  what  geological 
epoch  that  excavation  began. 

The  valley,  in  some  aspects,  may  be  compared  to  that  of  the  Mo- 
selle, the  physical  character  of  which  I  have  elsewhere  indicated*; 
for,  especially  east  of  Cor  wen,  between  banks  of  Wenlock  shale  or 
slate,  that  form  a  high  and  much-eroded  tableland,  the  Dee  winds 
in  many  a  curve,  two  of  which,  about  two  miles  above  Llangollen, 
form  great  loops,  closely  resembling  the  well-known  loops  of  the 
Moselle  above  Alf.  In  both  rivers  a  steep  rocky  high  bank  is  apt 
to  be  opposed  to  the  concave  curve  of  the  stream,  while,  on  the 
opposite,  or  convex  side,  the  ground  generally  rises  from  the  river 
with  a  long  and  gentle  slope.  This  form  of  ground  is  characteristic 
of  many  rivers  that  flow  through  deep  valleys,  the  elevated  ground  of 
which  on  either  side  is  more  or  less  flat-topped,  and  invariably  in- 
dicates a  long-continued  course  of  fluviatile  erosion,  begun  at  first  by 
a  wandering  river  on  a  high  and  slightly  undulating  tableland  or 
plain. 

The  Silurian  rocks  of  the  region  now  called  North  Wales  un- 
derwent great  disturbance  and  erosion,  both  atmospheric  and  marine, 
both  before  and  during  the  deposition  of  the  Carboniferous  Lime- 
stone— one  result  of  this  being  that  as  the  country  was  in  great 
part  slowly  submerged  the  limestone  series  was  laid  in  a  very 
unconformable  manner  on  the  denuded  edges  of  both  the  Lower  and 
Upper  Silurian  strata. 

The  high  escarpment  of  Carboniferous  Limestone  in  Denbighshire 
facing  west  clearly  shows  that  this  limestone  once  extended  a  great 
deal  farther  in  that  direction  across  much  of  the  Lower  Silurian 
rocks  of  the  Berwyn  Hills  and  the  Wenlock  slates  and  shales  that 
form  the  high  land  on  either  side  of  the  valley  of  the  Dee.  This 
fact,  if  it  needed  confirmation,  is  further  proved  by  the  well- 
known  outlier  of  Carboniferous  Limestone  that  lies,  far  in  among 
the  hills  in  the  valley  of  the  Dee,  two  miles  west  of  Corwen,  ten 
miles  distant  from  the  nearest  point  of  the  escarpment,  and  six 
miles  from  the  limestoue  at  the  southern  end  of  the  Vale  of  Clwyd. 
This  little  patch,  which  occupies  an  area  of  something  less  than 
three  quarters  of  a  square  mile,  lies  quite  unconformably  on  the 
Wenlock  shale  on  its  south-western  side,  while  on  the  south-east 
and  north-east  it  is,  as  it  were,  dovetailed  into  the  Silurian  strata 
by  two  faults ;  and  as  its  thickness,  according  to  the  late  Professor 
Jukes,  may  be  about  2000  feet,  it  is  clear  that  the  Carboniferous 
Limestone,  in  force,  once  spread  well  across  this  and  the  neighbour- 
ing region. 

Furthermore,  everywhere  to  the  east  in  Denbighshire  and  Flint- 
shire, the  limestone  is  overlain  by  the  Millstone  Grit  and  Coal- 

*  Physical  Geology  and  Geography  of  Great  Britain,  chap.  15. 
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measures ;  and  I  have  no  doubt  that  these  upper  Carboniferous  strata 
at  one  time  also  spread  far  to  the  westward  above  the  limestone 
across  those  parts  of  the  Silurian  strata  now  under  review ;  but  how 
far,  it  may  perhaps  be  impossible  to  determine.  I  feel  certain,  how- 
ever, that  what  is  now  the  high  mountain  region  of  Snowdonia, 
at  that  time  very  different  from  its  present  form,  was  never, 
except  on  its  low  western  outskirts,  covered  by  Carboniferous  strata. 

The  statement  that  so  much  of  Wales  was  once  buried  beneath 
Carboniferous  rocks  is,  at  first  sight,  somewhat  startling,  involving, 
as  it  does,  such  large  revolutions  in  the  physical  geography  of  the 
district  in  early  times. 

First.  An  immense  amount  of  denudation  undergone  by  the  Silu- 
rian rock  before  the  deposition  of  the  Upper  Old  Hed  Sandstone 
(which  sparingly  exists  in  North  Wales)  and  the  Carboniferous 
Limestone*. 

Secondly.  It  appears  to  me  that  this  waste  was  accompanied  by  a 
gradual  depression  of  the  old  land,  so  that,  over  part  of  Wales,  what, 
many  years  ago,  I  termed  "  a  plain  of  marine  denudation  "  was  pro- 
duced, similar  to  that  well-known  high  plain  of  Carboniferous  Lime- 
stone and  Old  Bed  Sandstone  of  the  Mendip  Hills,  on  which  the 
Liassic  and  Oolitic  strata  lie  unconformably.  In  like  manner  the 
Carboniferous  Limestone  overlain  by  Millstone  Grit  and  Coal-mea- 
sures, covered  in  flat-lying  strata  the  much  older  Silurian  plain 
of  marine  denudation. 

Thirdly.  By  succeeding  changes  of  physical  geography  after  the 
deposition  of  the  Millstone  Grit,  the  region  was  converted  into  part 
of  one  of  those  vast  deltas,  or  at  all  events  broad  swamps,  under- 
going slow  intermittent  depressions,  during  which  the  Coal-measures, 
with  all  their  successive  terrestrial  growths,  were  formed. 

Fourthly.  The  region  was  again  disturbed  and  elevated  before 
and  during  the  deposition  of  the  Permian  strata,  which,  taken  on  a 
large  scale,  often  lie  unconformably  on  the  Coal-measures,  and  were, 
in  my  opinion,  true  continental  deposits.  Then  by  slow  degrees, 
under  subaerial  agencies,  a  vast  amount  of  the  Carboniferous  rocks 
were  removed  from  above  the  Silurian  formations,  and  the  plain 
of  marine  denudation  was  again  to  a  great  extent  exposed,  not 
less  high,  but  probably  even  more  elevated  than  it  is  now,  lying  as 
it  then  did  in  the  midst  of  a  broad  continental  area. 

This  plain  (or,  rather,  its  relics)  is  of  much  wider  extent  than  that 
part  of  it  with  which  I  am  now  concerned,  lying  on  either  side  of 
the  valley  of  the  Dee ;  for  beyond  that  area  it  extends  far  and  wide 
into  the  northern  part  of  Denbighshire,  and  also  into  Montgomery- 
shire and  South  Wales.  Standing  on  the  summit  of  Cader  Idris  or 
of  Aran  Mowddwy,  2960  feet  high,  and  looking  east  and  south,  the 
eye,  as  far  as  it  can  reach,  ranges  across  a  vast  extent  of  old  table- 

*  This  amount  oould  be  approximately  estimated  by  any  one  who  would  take 
the  pains  to  restore  the  pre-Oarboniferous  anticlinal  curves  of  the  Silurian 
strata;  but  the  doing  of  this  in  detail  is  not  essential  to  my  present  argument. 
For  the  method  see  memoir  "On  the  denudation  of  South  Wales, n  eta,  Memoirs 
of  the  Geological  Surrey,  vol.  i.  1846. 
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land,  the  plane  surface  of  which  near  the  Arans  k  about  1900  feet 
above  the  level  of- the  sea,  or  more  than  1000  feet  below  the  summits 
of  the  neighbouring  mountains.  All  intersected  by  unnumbered 
valleys,  to  the  ordinary  observer  it  is  merely  a  hilly  country,  while 
an  eye  versed  in  physical  geology  at  once  recognizes  that  all  the 
diversities  of  feature  are  due  to  fluviatile  erosions  that  have  scooped 
out  the  valleys. 

This  brings  me  to  the  main  object  of  this  memoir,  the  origin  and 
geological  date  of  the  valley  of  the  Dee. 

The  country  having  been  upheaved  after  the  deposition  of  the 
Carboniferous  strata,  and  a  large  part  of  these  strata  having  been 
removed  by  denudation,  the  valley  of  the  Dee  did  not  then  exist,  or 
existed  only  in  a  very  rudimentary  stage  on  the  surface  of  a  wide 
slightly  undulating  tableland  having  a  gentle  slope  towards  the  east. 
It  was  then  that  first  the  Permian  rocks  were  deposited,  and  after- 
wards the  New  Red  Sandstone  and  Marl ;  and  it  may  be  recollected 
that,  at  all  events  in  my  opinion,  both  sets  of  these  formations  were 
deposited  in  inland  salt  lakes  or  seas.  During  these  epochs,  there- 
fore, I  hold  that  the  old  tableland  lay  high  above  the  level  of  the 
sea,  probably  even  higher  than  it  does  now,  and  that  it  formed  part 
of  a  wide  continental  area. 

After  the  Trias  came  the  Jurassic  formations,  deposited  around 
groups  of  islands  in  shallow  seas,  the  effect  of  partial  submergence 
of  an  older  land,  and  themselves,  in  the  middle  and  north  of  England, 
partly  of  fluviatile  origin,  the  result  of  minor  oscillations  of  level. 
Then  followed  the  long  fluviatile  conditions  under  which  the  Purbeck 
and  Wealden  beds  were  deposited,  during  which  epoch  the  greater 
part  of  what  is  now  Britain  must  have  remained  as  part  of  a  much 
larger  land.  After  this  came  the  Cretaceous  formations,  the  lower 
half  of  which  in  ihe  British  area  were  certainly  deposited  near 
shore ;  while  in  later  times,  during  the  deposition  of  the  Chalk,  there 
is  no  proof  that  the  higher  parts  of  Wales  were  submerged,  but 
rather  the  opposite.  Later  still  come  the  Eocene  deposits,  some  of 
them  of  freshwater  origin,  and  which  in  a  large  sense  may  be  re- 
garded as  estuarine,  even  including  the  London  Clay,  which  seems 
to  have  been  formed  at  the  mouth  of  a  great  river  such  as  the 
Amazons  or  the  Ganges.  Our  Miocene  rocks  are  unmistakably  of 
terrestrial  and  freshwater  origin ;  and  the  different  members  of  the 
Crag  were  mere  eastern  shallow-sea  or  shore  deposits. 

It  thus  appears  that,  since  the  beginning  of  the  Permian  epoch, 
the  higher  ground  of  Wales  has  formed  land  well  raised  above  the 
level  of  the  sea ;  and  even  if  there  be  some  doubt  about  this  with 
respect  to  the  time  of  the  deposition  of  part  of  the  Chalk  (to  which 
doubt  I  do  not  attach  much  importance),  that  must  have  been  but  a 
short  episode  when  compared  with  the  whole  of  the  terrestrial 
period. 

During  that  long  lapse  of  geological  ages,  there  was  therefore 
ample  time  for  the  action  of  all  the  ordinary  processes  of  subaerial 
denudation,  the  most  powerful  of  which  is  the  action  of  rain,  rivers, 
and  glaciers. 
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In  the  most  elevated  parts  of  North  Wales,  the  height  of  the 
highest  mountains  as  they  now  stand  between  Cader  Idris,  Aran 
Mowddwy,  and  Snowdonia  varies  from  about  2900  to  3571  feet. 
During  the  time  of  submergence,  when  the  ground  further  east  was 
buried  under  Carboniferous  strata,  the  western  mountain  region 
stood  well  above  the  level  of  the  sea,  and  higher  relatively  to  the 
plain  of  denudation  than  it  does  now ;  for  long  before  the  Carboni- 
ferous epoch,  and  ever  since  that  time,  it  has  suffered  from  un- 
ceasing 8ubaerial  degradation,  and  long-lost  hills  and  valleys  must 
have  prevailed  in  that  old  land,  the  shape  of  which  it  is  now  vain  to 
speculate  about. 

Outside  of  this  region,  after  the  partial  removal  of  the  Carboni- 
ferous rocks,  there  lay,  as  already  said,  a  wide  tableland,  extending 
far  to  the  south,  and  also  to  the  east  and  north-east  In  the  latter 
district  this  tableland  sloped  gently  north-easterly  and  easterly; 
judging  by  those  elevated  parts  of  it  that  still  remain  more  or  less 
entire,  in  a  distance  of  about  30  miles  between  Aran  Mowddwy  and 
the  highest  part  of  the  Carboniferous  escarpment,  not  far  north  of 
the  Bee,  the  slope  probably  fell  in  height  700  or  800  feet,  at  an 
angle  of  about  14°,  equal  to  23  feet  in  a  mile. 

When  by  the  drainage  of  this  old  land,  the  Dee  began  to  flow  in 
its  earliest  channel,  induced  by  minor  undulations  of  the  ground,  it 
is  clear  that  its  present  source,  Bala  Lake,  had  no  existence ;  for 
whereas  the  river  at  that  time  must  have  flowed  on  a  surface  of 
land  not  less  high  than  that  on  either  side  of  the  present  valley  near 
Corwen  and  Llangollen  (now,  in  places,  from  1600  to  1800  feet  high), 
the  surface  of  Bala  Lake  is  only  600  feet  above  the  level  of  the  sea, 
while  the  neighbouring  watershed  between  the  lake  and  Dolgelli  is 
only  200  feet  higher.  As  the  river  could  not  flow  up  hill,  it  is  clear 
that  in  that  early  stage  of  its  history  the  valley  of  the  Dee  about 
Bala  must  have  been  at  least  from  1300  to  1400  feet  higher  than  it 
is  now,  and  consisted  of  a  mass  of  Silurian  rocks,  great  part  of 
which  has  since  been  removed  by  denudation. 

As  that  country,  according  to  the  view  already  stated,  has  in  the 
main  been  land  ever  since  the  Permian  epoch,  it  seems  to  me  that 
this  waste  of  rocks  was  essentially  produced  by  watery  erosion,  aided 
in  a  much  less  degree  at  a  late  epoch  by  glacier  ice;  and  thus 
it  happened  that  the  Dee,  a  river  of  very  ancient  date,  wandering 
hither  and  thither,  by  degrees  deepened  its  channel  in  the  same 
manner  that  the  Rhine  and  the  tortuous  Moselle  have  cut  out  theirs, 
as  described  in  my  memoir  "  On  the  Physical  History  of  the  Valley 
of  the  Shine"*. 

For  this  reason  it  also  happens  that  the  Dee  now  cuts  right 
across  the  Carboniferous  escarpment  west  of  Erbistock  and  the 
lower  area  of  the  Permian  strata ;  for  when  the  Dee  began  to 
run,  the  Carboniferous  escarpment  had  no  existence,  and  the  strata 
of  these  formations  stretched  further  to  the  west,  ending  along  some 
line  now  unknown  in  a  sort  of  feather  edge,  and  forming  part  of  the 

*  Quart  Journ.  Geol.  Soc  toL  xxx.  (1874),  p.  81. 
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great  inclined  plane  over  which  the  Dee  ran  at  a  level  hundreds  of 
feet  above  the  bottom  of  ita  present  vaUey.  By  mad  by,  aa  the  river- 
«*-— i  deepened,  the  escarpment  began  to  be  formed,  its  face 
eloping  in  a  direction  at  right  angles  to  the  general  dip  of  the 
strata  (after  the  habit  of  all  such  escarpments),  bj  a  process  of 
recession  that  haa  often  been  chained  The  whole  was  strictly 
analogous  to  the  manner  in  which  the  riven  of  the  Weald  acted  at 
a  later  date,  as  deaeribed  in  <Tbe  Physical  Geology  and  Geo- 
graphy of  Great  Britain  '—and  aim  for  "the  same  reason  that  the 
Thames  now  cots  across  the  eaearpment  of  the  Chalk,  aa  deaeribed 
in  my  memoir  "  On  the  BiveMmnses  of  England  and  Wales**. 
Escaped  into  the  low  country  of  the  Sew  Bed  series,  the  history  of 
the  Bee  becomes  simple,  and  requires  no  special  iDnstratioii. 

Bat  this  process  of  ordinary  ftoviatile  erosion  is  not  the  only 
agent  that  has  been  at  work  in  Wales ;  fin*  in  late  geological  times 
the  Glacial  epoch  supervened,  and  the  moving  ice  of  thick  glaciers 
exercised  a  strong  abrading  power.  Then  it  was  that  in  the  moun- 
tain-region of  the  west  so  many  lake-basins  were  scooped  out,  and 
among  others  the  rock-bound  basin  of  Bala  Lake ;  and  though  the 
face  of  the  country  is  always  being  slowly  changed,  the  time  that 
has  elapsed  since  the  dose  of  the  Glacial  epoch  is*  compara- 
tively so  short  that  the  large  essential  rocky  features  of  the  region 
traversed  by  die  river  have  since  that  time  undergone  no  important 
alteration. 

I  shall  conclude  with  a  few  words  about  the  length  of  geological 
time  occupied  in  the  excavation  of  the  valley. 

It  may  be  remembered  that  in  the  paper  on  the  excavation  of  the 
valley  and  gorge  of  the  Rhine,  I  explained  that  die  work  of  scooping 
it  down  to  the  present  levels  of  the  river  has  been  accomplished 
since  the  close  of  the  Miocene  epoch,  and  that  the  direction  of  the 
flow  of  its  water  then  and  now  is  connected  with  changes  of  physical 
geography  brought  about  by  a  great  post-Miocene  disturbance  of 
the  Alps. 

The  height  of  the  old  high-level  terrace  or  old  bed  of  die  Rhine 
is  about  400  feet  above  the  present  river ;  and  the  same  is  the  case 
with  its  tributary,  the  Moselle.  The  height  of  the  relics  of  the  old 
plain  of  marine  denudation  above  the  Dee  where  it  passes  through 
the  Wenlock  strata  is,  to  take  a  low  estimate,  not  less  than  from 
1100  to  1200  feet;  and  the  time  occupied  in  cutting  that  depth 
extends  from  the  Permian  epoch  down  to  the  present  day.  The 
depth  excavated  in  that  period  of  time  is  not  less  than  three  times 
as  great  as  that  performed  by  the  Rhine  and  Moselle ;  and  I  think 
no  geologist  will  doubt  that  the  time  that  elapsed  between  the 
Permian  and  Miocene  epochs  wss  much  more  than  three  times 
the  length  of  that  which  has  elapsed  since  the  close  of  Miocene 
times  down  to  the  present  day.  The  Dee  is  but  a  petty  stream 
when  compared  with  even  the  smaller  of  the  two  German  rivers ; 
and  it  is  obvious  that  the  greater  the  body  of  water  in  a  river,  taken 

*  Quart.  Journ.  QeoL  Soe.  toI.  xxriii.  (1872),  p.  146. 
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in  connexion  with  the  angle  of  its  fall,  the  more  powerful  is  its 
erosive  force ;  and  this  may  account  for  the  proportionately  much 
greater  amount  of  time  taken  by  our  little  river  in  the  work  of 
excavating  its  valley  as  compared  with  the  work  done  by  the 
Rhine. 

This  great  lapse  of  time  also  accounts  for  what  I  may  call  the 
ruinous  state  of  the  old  tableland  that  lies  on  either  side  of  the 
valley  through  which  the  Dee  flows ;  for  in  the  long  geological  ages 
that  the  region  has  remained  as  land  there  has  been  ample  time,  as 
the  river  gradually  excavated  its  valley  to  lower  levels,  for  the 
drainage  from  the  north  and  south  to  cut  out  tributary  valleys, 
which  by  watery  erosion  got  deeper  and  deeper  in  proportion  to  the 
gradual  excavation  of  the  main  artery  of  the  valley  of  the  Dee ;  and 
thus  it  happens  that  what  was  once  a  long  slightly  undulating 
inclined  plane  has  by  degrees  been  converted  into  a  very  hilly  country, 
simply  by  the  power  of  rain  and  running  water,  and,  in  a  minor 
degree,  for  a  time  by  glacier  ice. 

According  to  these  views  the  sum  of  the  whole  matter  is : — 

1.  That  after  the  last  important  disturbance  of  the  pre-Permian 
rocks,  North  Wales  was  carved  by  slow  degrees  and  by  subaerial 
agencies  into  its  present  mountainous  form,  chiefly  between  Permian 
times  and  the  present  day. 

2.  That  by  far  the  greater  part  of  that  valley-excavating  work 
was  performed  between  Permian  and  pre-Glacial  times. 

3.  That  the  work  of  the  glaciers  of  the  latter  period  some- 
what deepened,  widened,  smoothened,  and  striated  the  outlines  of 
the  mountains  and  valleys,  and  excavated  many  rock-bound  lake- 
basins,  but  on  a  grand  scale  did  not  effect  any  great  changes  on  the 
preexisting  larger  contours  of  the  country. 

4.  That  a  minor  submergence  of  part  of  Britain  during  part  of 
the  Glacial  epoch  produced  no  important  effects  on  the  large  out- 
lines of  the  rocky  scenery. 

5.  That  the  effects  of  subaerial  waste  subsequent  to  the  Glacial 
epoch  have  been  comparatively  small,  simply  for  lack  of  time. 

I  may  also  remark  that  the  method  of  analysis  employed  in  this 
paper  is,  I  am  convinced,  applicable,  with  variations,  to  the  reading 
of  the  history  of  all  the  more  important  rivers  of  Wales,  to  Cum- 
berland, and  to  muoh  of  Scotland. 

Facts  of  a  broad  kind,  setting  forth  the  general  principles  of 
watery  erosion,  have  been  well  known  ever  since  the  days  of  Hutton — 
though  for  long,  with  a  large  class  of  geologists,  his  views  fell  into 
undeserved  neglect.  The  subject,  indeed,  with  some  definiteness,  is 
far  older  than  Hutton ;  for  it  was  insisted  upon  by  Bay,  who,  while 
the  fourth  edition  of  his  * Physico-Theological  Discourses' •  was 
passing  through  the  press,  was  surprised  and  delighted  to  find  that 
his  opinion  had  been  anticipated  by  Josephus  Blancanus,  in  his  book 
*De  Mundi  Fabric*,'  in  which  he  stated,  among  other  physical 
matters  bearing  on  modern  geology,  that  "  our  Appenine  was  at  first 

*  Edit.  4,  p.  359. 

Digitized  by  VjOOQ IC 


A.  C.  BAMSAT  OK  THE  PHYSICAL 

one  continued,  even,  eminent  ridge  of  land,  not  divided  into  parti-  - 
cnlar  mountains  and  hills  by  intervening  valleys,  as  now  it  is,  but  * 
that  after  the  rivers  began  to  flow  down  from  the  top  of  it,  by  little  J 
and  little  fretting  and  oorroding  the  ground,  they  made  valleys,  and ■ 
daily  more  and  more ;  and  by  this  means  the  whole  Appenine  came  ' 
to  be  divided  into  many  hills  and  mountains." 

It  is  not,  however,  to  insist  on  these  simple  principles,  enlarged  j 
by  modern  research,  versus  unnumbered  unproved  open  faults,  frac- 
tures, and  tumultuous  splittings  of  mountains,  that  this  paper  has 
been  prepared ;  but  having  already  written  on  the  physical  history 
of  rivers  both  foreign  and  British,  the  details  of  which,  comparatively 
simple,  only  grew  on  my  mind  by  slow  degrees,  I  have  at  length 
fallen  on  the  Dee  as  an  example  of  one  of  many  rivers,  the  history 
of  which  is  much  more  complicated  than,  for  example,  that  of  the 
Po,  the  Rhine,  the  Severn,  or  the  Thames;  and  I  hope  I  have 
succeeded  in  unravelling  that  history.  If  so,  the  Dee,  as  a  living 
river,  has  a  history  compared  with  which  those  of  the  Thames,  the 
Rhine,  the  Ganges,  and  many  other  great  rivers  of  the  modern 
world  are  matters  of  yesterday.  k* 

Discussion. 

i 

Mr.  Thorpe  stated  that  Arenig  Lake,  and  not  the  Bala  Lake,       Jyjj 
was  the  source  of  the  Dee,  and  wished  to  know  what  origin  Prof.       t 
Ramsay  attributed  to  the  former.  *** 

Mr.  Hicks  considered  that  the  author's  explanation  of  the  origin 
of  the  lake  and  the  gorge  through  which  the  Dee  afterwards  flows  ^~~~ 
was  not  a  correct  one,  and  that  these  hills  were  only  elevated  at  the  ^ 
close  of  the  Palaeozoic  period,  and  not,  as  maintained  by  the  author, 
in  Silurian  times.  In  a  previous  paper  Prof.  Ramsay  claimed  that 
the  Menai  Straits  had  been  excavated  by  a  huge  glacier  moving 
from  N.E.  to  S.W. ;  whilst  in  the  present  communication  he  attri- 
buted Bala  Lake  to  a  glacier  moving  in  exactly  the  opposite  direc- 
tion. Now,  as  the  valley  of  the  Dee  and  the  basin  of  Bala  Lake 
are  roughly  parallel  to  the  Menai  Straits,  they  should  have  been 
formed  by  the  same  glacier.  Neither,  however,  is  due  to  glacial 
action;  but  both  are  produced  by  two  parallel  faults  that  were 
formed  at  the  close  of  the  Palaeozoic  period. 

Prof.  Seelet  inquired  what  grounds  there  were  for  attributing 
such  an  ancient  date  to  the  Dee.  There  was  no  proof  that  the  Lias 
had  not  formerly  extended  over  this  district.  "With  regard  to  this 
old  tableland,  which  the  author  considered  to  have  been  formed  in 
pre-Carboniferous  times,  and  subsequently  covered  by  Carboniferous 
strata,  he  thought  it  was  impossible  that  these  Carboniferous  strata 
oould  have  been  denuded  and  the  old  tableland  left  intact.  The 
water  running  off  the  land  as  it  rose  would  form  the  first  valley ;  and 
both  would  suffer  together. 

Prof.  Ramsay,  in  reply,  stated  that  he  considered  Bala  Lake  to  be 
the  commonly  acknowledged  source  of  the  Dee.  The  Arenig  lakes 
were  also  due  to  glacial  action.    He  had  treated  the  disturbances  of 
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the  Lower  and  Upper  Silurian  rocks  as  occurring  at  one  time  for  the 
sake  of  convenience,  there  being  no  unconformity  locally  visible  in  this 
area.  There  was  no  fault  down  the  Menai  Straits,  though  faults 
occurred  to  the  right  and  left  of  it.  The  point  which  Prof. 
Seeley  had  raised  was  an  important  one,  and  one  which  it  was 
difficult  to  give  a  direct  reply  to.  The  Carboniferous  strata,  by 
covering  the  tableland,  would  in  a  great  measure  tend  to  preserve  it. 
They  probably  thinned  out  towards  Snowdon. 
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26.  Notes  on  the  Gravels,  Sands,  and  other  Superficial  Deposits  in 
the  Neighbourhood  of  Newton  Abbot,  Devonshire  *.  By  Horace 
B.  Woodward,  Esq.,  F.G.S.,  of  the  Geological  Survey  of  England 
and  Wales.    (Bead  April  5,  1876.) 

The  visitor  to  Newton  Abbot  cannot  fail  to  be  struck  with  the 
number  of  sand-  and  gravel-pits,  some  of  great  size,  which  are 
scattered  about  the  neighbourhood,  not  only  in  the  valleys,  but 
high  up  the  slopes  of  the  hills,  and  in  several  instances  on  their 
summits. 

On  giving  some  attention  to  the  character  and  distribution  of 
these  deposits  of  sand  and  gravel,  it  will  be  found :— first,  that  two 
main  divisions  may  be  made  in  them,  namely  those  of  an  evi- 
dently alluvial  character,  and  those  which  occupy  positions  quite 
unconnected  with  the  present  systems  of  drainage ;  and,  secondly , 
that  these  latter  deposits  are  nevertheless  confined  to  the  Bovey 
Basin  and  bordering  hills,  not  descending  into  any  of  the  other 
lateral  or  outlying  valleys. 

A  reference  to  the  geological  maps  of  the  country  will  not  serve 
to  throw  much  light  on  the  correlation  or  identification  of  the  beds 
when  they  are  examined  in  detail.  Bat  since  the  days  when 
De  la  Beche  and  Godwin-Austen  recorded  their  observations,  many 
new  sections  have  been  opened  up.  The  rapid  growth  of  Torquay 
and  Newton  Abbot  has  been  attended  by  a  call  for  sand,  which 
is  largely  used  in  the  preparation  of  "  cobb,"  a  kind  of  plaster, 
unfortunately  necessary  to  envelop  and  keep  the  damp  out  of 
houses  for  the  most  part  built  of  marble. 

Diagram  Section  from  near  Newton  Abbot  to  MiCber  Down, 
(Distance  about  three  miles.) 


as. 


River  Lemon, 

near 
Newton  Abbot. 


Ifilber  Down. 


a.  Gravel  and  sand. 

b.  BoTey  clays. 


c.  Trias8Ic  Breccia. 

d.  Devonian  slates. 


e.  Traces  of  Greenland. 


The  examination  of  these  sections,  together  with  those  dug 
for  the  foundations  of  new  villas  on  Woolborough  Hill,  has  led  me 
to  differ  from  the  opinions  and  conclusions  which  have  been  hitherto 
accepted. 

Since  Mr.  Godwin- Austen's  paper  was  published  f,  no  particular 

*  This  paper  is  communicated  by  permission  of  the  Director-General  of  the 
Geological  Survey  of  the  United  Kingdom, 
f  Trans.  Geol.  Soc  2nd  series,  vol.  yiii.  p.  433. 
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account  of  these  deposits  has  been  given;  but  in  1867,  in  an 
address  delivered  to  the  Devonshire  Association  at  Barnstaple, 
Mr.  Pengelly  observed  that  it  may  be  doubted  whether  all  the 
localities  so  represented  in  the  maps  of  the  Geological  Survey  are 
really  true  Greensand  localities. 

While  engaged  in  carrying  on  the  Geological  Survey  in  the 
neighbourhood  of  Newton  Abbot  (1874-75)  for  the  new  edition  of 
Sheet  22,  I  was  for  some  time  sorely  perplexed  with  the  various 
sands  and  gravels  met  with.  To  give  one  instance :— certain  sandy 
beds  opened  up  in  front  of  my  own  house  were  at  the  first  glance 
thought  to  be  Triassic ;  a  short  examination  led  me  to  class  them 
doubtfully  as  Greensand ;  further  observation  caused  me  to  regard 
them  as  possibly  Bovey  beds ;  and  before  I  left  the  country  1  was 
persuaded  that  they  were  Drifts,  using  this  last  term  in  its  con- 
veniently indefinite  sense. 

The  feet  is,  the  sections  vary  very  much  in  detail  There  is 
sand,  gravel,  clay,  and  fine  sandy  clay,  sometimes  dovetailing  one 
into  the  other,  bat  sometimes  forming  individually  the  entire  mass 
of  the  open  sectious ;  so  that  the  geologist  familiar  with  the  Green- 
sand  of  Haldon  and  the  Blackdown  Hills  may  recognize  some  beds 
similar  in  character  to  that  deposit ;  and  if  he  be  acquainted  with 
the  sandy  strata  of  the  Bovey  formation,  he  may,  in  isolated  sec- 
tions, be  puzzled  to  discriminate  between  the  two. 

The  examination  and  comparison  of  the  numerous  fine  sections, 
and,  above  all,  the  tracing  of  the  beds  on  the  ground,  prove  the 
connexion  of  deposits  that  might  otherwise  be  considered  distinct, 
and  have  led  me  to  class  all  the  sands  and  gravels  in  the  neighbour- 
hood of  Newton  Abbot,  with  one  or,  at  most,  two  exceptions,  as  cer- 
tainly of  an  age  posterior  to  the  Bovey  beds. 

Beds  regarded  as  Upper  Greensand  have  been  mapped  on  Wool- 
borough  Hill  and  Milber  Down,  at  White  Hill,  Staple  Hill,  and  near 
Kingsteignton.  At  each  of  these  localities  there  are  beds  of  sand  that, 
on  lithological  grounds,  might  be  identified  with  the  lower  beds  of 
the  Greensand  series ;  but,  except  at  the  very  summit  of  Milber 
Down,  and  perhaps  also  near  Coombe  Farm,  north  of  Sandy  Gate, 
there  is  evidence  for  connecting  them  with  the  coarse  gravels  con- 
taining fragments  of  Greensand  chert  and  Chalk  flint,  thus  indi- 
cating their  post-Cretaceous  age;  while,  again,  the  fact  that  in 
places  the  gravels  and  sands  overlie  the  clays  of  the  Bovey  formation 
at  once  indicates  their  age  to  be  still  more  recent. 

The  sands  are  generally  composed  of  quartz,  sometimes  rounded, 
sometimes  angular ;  and  they  graduate  into  gravel  or  shingle,  com- 
posed of  pebbles  of  quartz,  grit,  &c. ;  and  these  pass  into  or  become 
interstratified  with  very  coarse  gravel-beds,  composed  of  large 
blocks  and  pebbles  of  grit  and  chert,  flint  and  quartz.  All  the 
fragments  are  apparently  of  local  derivation. 

Some  sections  show  only  sand,  as  at  Whitehill  and  in  the  Torquay 
road  at  Newton  Abbot ;  others  display  only  gravel,  coarse,  rolled  and 
angular,  as  shown  in  several  pits  on  the  summit  of  Milber  Down. 
Again,  some  of  the  largest  pits  exhibit  all  the  different  kinds  of  de- 
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the  Bovey  basin.  This  tends  to  show  that  most  of  the  minor 
features  of  the  country  have  been  produced  subsequently  to  the 
deposition  of  the  gravel. 

Further,  these  deposits  can  be  traced  from  Sandy  Gate  upwards  to 
Gappath  and  the  borders  of  Ugbrooke  Park ;  and  were  the  slope 
contioued  without  break,  we  might  reach  the  Greensand  of  Haldon, 
which  is  capped  by  analogous  deposits  of  drift  sand  and  gravel. 
There  seems  to  be  some  connexion  between  these  plateau-gravels 
which  cap  all  the  Greensand  heights  of  Devonshire,  and  those  which 
were  accumulated  with  this  high  marginal  dip  in  the  Bovey  basin. 

The  question  of  their  formation  seems  to  me  to  be  a  large  one, 
and  to  require  for  its  solution  a  more  extended  study  of  the  super- 
ficial deposits  of  Devonshire  than  I  have  been  enabled  to  make. 
Mr.  Belt,  however,  has  taken  up  the  subject  boldly ;  and  my  col- 
league, Mr.  Ussher,  is  gathering  facts  which  will,  I  hope,  soon  lead 
to  very  interesting  results. 

It  is  not  always  easy  and  is  sometimes  impossible  to  tell  where 
these  older  deposits  of  gravel  end  in  the  valley,  and  where  the  modern 
alluvial  gravels  come  on.  This,  however,  is  only  natural,  because 
the  alluvial  deposits  are  evidently  very  largely  made  up  of  the  older 
materials. 

The  Bovey  Clays  are  worked  beneath  the  "  Head "  of  gravel, 
sometimes  called  "  Pengelly's  Head,"  which  in  most  instances  is  a 
comparatively  modern  fluviatile  and  estuarine  deposit.  It  often 
occupies  a  position  above  the  alluvium  proper,  but  is  sometimes  not 
to  be  distinguished  from  it. 

Mr.  J.  H.  Key,  who  has  given  an  excellent  description  of  this  deposit, 
has  found  in  it  the  rib  and  jaw  of  a  deer,  and  shells  of  the  oyster 
and  cockle*.  In  the  collection  of  Messrs.  Watts,  Blake,  Bearne 
and  Co.,  of  Newton  Abbot,  are  bones  of  the  Ox,  Deer,  and  Man, 
obtained  from  the  same  deposit,  and  what  is  most  remarkable,  a 
wooden  doll,  or  idol,  about  a  foot  in  length,  which  was  obtained  at  a 
depth  of  20  feet  in  the  coarse  gravel,  on  the  left  bank  of  the  river 
Teign,  in  a  pit  called  the  Zitherixon  pit,  near  the  toll-gate  between 
Newton  Abbot  and  Kingsteignton.  A  bronze  spear-head  was  also 
found  in  the  same  pit  at  a  depth  of  15  feet. 

There  is  no  doubt  that  this  deposit  was  on  the  whole  the  latest 
formed  in  the  valley,  partly  by  river  and  partly  by  estuarine 
action. 

The  material  was  evidently  for  the  most  part  obtained  "  ready- 
made,"  as  it  were,  from  the  older  gravels ;  and  therefore  the  de- 
ductions are  indicative  of  the  rapid  accumulation  of  the  gravels 
rather  than  of  the  antiquity  of  the  remains  found  in  them. 

Mr.  John  Evans  considers  that  the  spear-head  "  belonged  to 
the  latter  part  of  the  British  Bronze  Period — say  some  few  cen- 
turies B.C.,  or  even  only  one  or  two.  The  wooden  figure,"  he  adds, 
"is  much  like  some  of  those  from  the  peat  of  the  Somme  valley,  de- 
scribed by  Boucher  de  Perthes.  It  is  hard  to  say  what  is  their  age 
or  object."  Mr.  Carruthers,  who  examined  the  wooden  figure,  con- 
*  See  Quart.  Journ.  Geol.  Soc.  toI.  xriii.  (1862),  p.  9. 
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sidered  that  it  was  formed  of  bog-oak,  and  was  probably  shaped  from 
a  piece  of  fossil  and  not  recent  wood*. 

I  mention  these  facts  as  affording  interesting  evidence  of  the 
accumulation  of  alluvial  deposits,  and  as  furnishing  one  indication 
out  of  many  that  might  be  given  that  our  modern  river-gravels  are 
to  a  great  extent  made  up  of  older  gravels. 

The  deposits  now  being  formed  in  the  bed  and  along  the  margin 
of  the  estuary  of  the  Teign  between  Newton  Abbot  and  Teignmouth 
are  many  of  them  identical  in  character  with  the  Triassic  breccia, 
low  cliffs  of  Devonian  slate,  with  here  and  there  igneous  rocks, 
border  the  water  in  places.  These  slaty  rocks  by  constant  satura- 
tion become  soft,  and  break  up  into  small  angular  fragments,  form- 
ing a  beach,  which  sometimes  lies  at  an  angle  of  8°  or  9°.  Tbis  beach 
contains  a  few  pebbles  of  quartz,  grit,  &c,  which  are  derived  from 
bordering  patches  of  gravel.  The  slates  break  up  along  lines  of 
jointage  and  cleavage ;  and  large  masses  frequently  slip  into  the 
water  and  gradually  fall  to  pieces.  Large  blocks  of  hard  rock  fall 
by  atmospheric  wear  and  tear,  and  become  imbedded  in  time  amidst 
the  slaty  fragments  without  being  worn  or  rolled  about,  a  fact 
which  might  account  for  some,  at  least,  of  the  large  blocks  of  igneous 
rock  met  with  in  the  Triassic  breccia. 

[For  the  Discussion  on  this  paper  see  p.  238.] 

*  The  wooden  image  has  been  figured  by  Mr.  Pengelly  in  the  Trans.  Deron 
Assoc  for  1875,  vol.  ni.  p.  200.    See  also  Trans.  Anthropol.  Inst.  vol.  v.  p.  299. 
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27.  On  certain  Alluvial  Deposits  associated  with  the  Plymouth 
Limestone.  By  R.  N.  Worth,  Esq.,  F.G.S.  (Read  April  5, 
1876.) 

In  the  ingenious  paper  on  the  Drift  of  Devon  and  Cornwall, 
read  by  Mr.  Belt  before  this  Society  in  November  last,  that  gentle- 
man speaks  of  the  lowland  gravels  of  Devon  and  Cornwall  as  show- 
ing "  signs  of  sudden  and  tumultuous  deposition.''  Whether  he  is 
right  or  wrong  in  this  assumption  can  best  be  settled  by  a  reference 
to  detail  in  various  localities  ;  and  it  is  with  the  view  of  aiding  in 
this  work  that  I  would  direct  attention  to  certain  alluvial  deposits 
associated  with  the  Plymouth  limestone,  which  seem,  so  far  as  that 
locality  is  concerned,  to  negative  Mr.  Belt's  hypothesis. 

The  limestone  of  Plymouth,  and  that  of  YeaLmpton  (which  com- 
mences about  two  miles  distant  from  the  eastward  termination  of  the 
first),  abound  in  fissures  and  caverns.  Some  of  the  latter  have  become 
celebrated  by  their  ossiferous  contents.  Some  of  the  former  contain 
the  alluvial  deposits  to  which  I  refer,  and  which,  denuded  off  else- 
where, are  therein  preserved. 

The  best  examples  of  these  deposits  have  occurred  in  connexion 
vnith  Plymouth  Hoe,  where  the  so-called  drift-gravel  fills  sundry 
fissures,  and  has  been  found  to  entomb  remains  corresponding  very 
closely  to  the  fauna  of  the  Oreston  caverns,  which  are  less  than  a  mile 
distant,  on  the  other  side  of  the  Cattewater. 

The  chief  deposit  occurs  about  midway  on  the  Hoe,  and  fills  a 
huge  "  pocket "  in  the  limestone.  Beneath  the  turf  there  is  a  bed 
of  clayey  soil  containing  pebbles,  which  range  from  a  very  small  size 
up  to  boulders  a  dozen  pounds  or  more  in  weight.  They  are  chiefly 
quartzose;  some  composed  of  quartz  and  schorl,  others  granitoid, 
and  a  few  of  slate.  But  for  the  absence  of  granite,  this  part  of  the 
deposit  in  no  respect  differs  from  the  ordinary  alluvium  of  our  Dart- 
moor rivers. 

Beneath  this  pebble-bed  are  patches  of  white  and  red  day,  con- 
taining few  pebbles ;  and  beneath  this,  again,  a  large  quantity  of 
siliceous  sand,  the  depth  of  which  has  not  yet  been  ascertained,  as 
the  excavations  have  not  reached  the  bottom  of  the  fissure.  The 
sand  is  chiefly  of  a  cream-colour. 

Similar  deposits  to  this  series  are  by  no  means  of  unfrequent  oc- 
currence in  association  with  the  limestone,  though  sometimes  the 
sand,  sometimes  the  clay,  and  sometimes  the  pebbles  appear  to  pre- 
dominate. They  are  found  not  only  on  the  Hoe,  but  at  Cattedown 
(where,  in  Deadman's  Bay,  is  a  "pocket"  at  least  40  feet  in 
depth,  containing  white  clay  similar  to  that  described),  at  Billa- 
combe  (near  the  termination  eastward  of  the  Plymouth  limestone), 
and  at  Yealm  Bridge  (where  a  fissure  contains  pebbles  identical 
in  character  with  those  in  the  bed  of  the  Yealm,  50  feet  below). 
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We  have  here,  I  think,  clearly  the  remains  of  considerable  de- 
posits which  once  occupied  large  areas  in  the  valleys  of  the  south 
of  Devon,  and  which,  in  part  at  least,  are  fairly  entitled  to  be  con- 
sidered the  lowland  gravels  of  which  Mr.  Belt  speaks.  If  they  are 
not,  then  in  this  immediate  district  these  gravels  are  not  repre- 
sented. As  to  their  date,  there  is  substantial  evidence  that  the  same 
stream,  or  streams,  to  which  they  are  due,  also  carried  into  the 
Oreston  caverns  the  extinct  mammals  whose  remains  have  been 
found  there,  and  that  the  cavern-  and  fissure-  or  "  pocket  "-deposits 
are  contemporaneous. 

Mr.  Belt,  following  authorities  of  such  eminence  as  Professor 
Sedgwick  and  Sir  H.  De  la  Beche,  and  concurring  with  Mr.  Joseph 
Came,  holds  that  the  lowland  gravels  were  spread  out  by  a  great 
de'b&cle.  If  this  view  be  correct,  the  evidence  should  be  continuous 
throughout  the  district  presumed  to  be  exposed  to  its  action.  But, 
in  the  deposits  here  briefly  described,  there  is  not  only  no  evidence 
whatever  of  a  cataclysmal  character,  but  every  indication  of  orderly 
deposition : — inland,  nearer  to  the  source  of  the  debris,  the  bulk  of 
the  pebbles  and  gravels  proper ;  further  from  their  origin  the  sands 
and  clays,  in  fair  orderly  succession. 

The  idea  that  the  stanniferous  gravels  of  Cornwall  and  Devon 
were  formed  by  some  great  catastrophe  is  at  least  three  centuries 
old ;  for  Carew,  in  his  *  Survey/  says  that  the  miners  attributed 
them  to  the  deluge.  Nearly  fifty  years  since,  Mr.  Carne  contended 
that  these  gravels  were  deposited  by  a  deluge  of  water  from  the  north, 
because  the  productive  stream-works  are  situated  in  valleys  opening 
to  the  south.  This  fact  of  position,  however,  is  easily  explained  by 
reference  to  the  peculiarity  of  the  watershed  of  Cornwall  There 
are  only  two  rivers  in  the  north  of  that  county ;  and  one  of  these 
does  not  pass  through  a  stanniferous  district.  On  the  south  coast 
rivers  abound.  From  its  superior  weight,  the  tin  ore  would 
naturally  form  the  lower  layer  of  the  deposits  with  which  it  was 
associated — and  this  whether  the  whole  of  the  materials  were 
in  motion  at  once  or  not,  since  the  effect  of  the  continuous  action 
of  a  stream  on  gravel  in  its  channel  is  to  carry  forward  the  lighter 
and  leave  the  heavier  behind.  Moreover  the  natural  separation  of 
the  tin-gravel  would  be  materially  aided  by  the  occurrence  of  times 
of  flood. 

Sir  Henry  De  la  Beche  clearly  shows  that  all  that  is  required  to 
account  for  the  production  of  the  stanniferous  deposits  is  the  exist- 
ence of  a  mass  of  decomposed  granite  containing  tin-ore,  and  its 
subjection  to  the  action  of  water — though  it  is  not  necessary,  as  I 
hold,  to  assume  with  him  that  this  water  should  be  "  driven  vio- 
lently against  or  over  it."  In  such  a  body  of  decomposed  granite  I 
conceive,  not  merely  the  stanniferous  gravels  of  the  Dartmoor  rivers, 
but  the  deposits  of  clay  and  sand  here  noticed,  have  their  origin— ^ 
the  clay  representing  the  felspar,  and  the  sand  the  quartz.  This 
accounts  also  for  the  absence  of  granitic  pebbles  in  a  deposit  derived 
from  the  Dartmoor  Granite. 

s2 
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Discussion. 

Mr.  Usshkb  stated  that  he  had  been  inclined  to  consider  that 
the  sands  flanking  the  Bovey  valley  were  of  peculiarly  local  occur- 
rence ;  bat  the  observations  of  Mr.  Woodward  as  to  their  similarity 
to  certain  arenaceous  deposits  on  Great  Haldon  and  the  Blackdown 
Hills,  recalled  to  his  mind  an  instance  where,  in  a  pit  on  the 
former,  sand  of  granitic  origin,  much  resembling  portions  of  the 
sands  in  the  neighbourhood  of  Newton,  is  shown,  underlying  an 
accumulation  of  broken  unworn  chalk  flints  in  a  clayey  matrix, 
ascribed  by  Sir  H.  de  la  Beche  and  French  geologists  to  the  Plastic- 
Clay  formation.  Owing  to  the  removal  of  Post-tertiary  deposits,  he 
was  unfortunately  unable  to  trace  any  connexion  between  them. 

The  sands  of  which  Mr.  Woodward's  paper  treats  skirt  the  Bovey 
valley  at  heights  of  from  less  than  100  to  more  than  500  feet  above 
the  sea-level,  dipping  down  the  slopes  of  the  hills  at  angles  roughly 
coincident  with  them,  as  gravel  seams  in  the  deposits  show.  Hence 
it  seems  evident  that  they  cannot  have  been  originally  deposited 
upon  their  present  uneven  surface,  but  owe  their  position  to  those 
forces  of  elevation  and  depression  ihe  prevalence  of  which  in  Devon 
during  the  Post-tertiary  period  is  elsewhere  distinctly  evidenced. 
With  regard  to  one  statement,  he  desired  further  information  from 
Mr.  Woodward — namely,  as  to  the  direct  superposition  of  these  sands 
upon  the  clays  of  the  Bovey  valley ;  for  he  agreed  witb  Mr.  Wood- 
ward that  the  superficial  deposits  of  the  valley,  including  the  gravels 
of  the  Zitherixon  pit  (in  which  the  wooden  doll  or  idol  was  found), 
were  of  much  later  date,  and  due  to  the  redistributing  action  of  the 
stream  now  occupying  the  valley  at  a  period  when  its  volume  was 
much  greater  than  at  present. 

With  Mr.  Worth  he  entirely  agreed  in  considering  that  Mr.  Belt's 
explanation  of  the  gravels  of  Devon  and  Cornwall  was  unsatis- 
factory ;  for  not  only  were  there  no  signs  in  their  mode  of  occur- 
rence of  a  general  dispersion  involving  more  or  less  of  cataclysmal 
action,  but  indications  of  a  clear  order  of  sequence,  manifested,  for 
instance,  by  the  gravels  on  the  sides  of  such  valleys  as  those  of  the 
Exe,  Otter,  Taw,  and  Torridge,  indicating  successive  deposition  by 
the  former  representatives  of  the  present  streams  in  their  erosion  of 
the  valleys,  the  most  recent  deposits  occurring  as  alluvia  and  gravels 
occupying  flat  tracts  of  land  through  which  the  rivers  now  flow. 

He  considered  that  if,  in  addition  to  the  evidence  furnished  by 
these  gravels,  the  raised  beaches  on  the  Devon  and  Cornish  coasts, 
the  stony  loam  or  head  of  angular  debris  overlying  them,  the 
cavern  deposits  of  Devon  and  other  phenomena  were  taken  into 
account,  an  order  of  sequence  proving  physical  changes  might  be 
established,  by  which  some  conclusion  respecting  the  vicissitudes 
experienced  by  the  counties  of  Somerset,  Devon,  and  Cornwall 
during  the  Pleistocene  epoch  might  be  arrived  at. 

Mr.  Thobpb  was  glad  that  steps  had  been  taken  for  properly 
working  out  this  interesting  district,  as  there  were  few  reliable 
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papers  on  the  subject,  Mr.  Holies'  elaborate  paper  being  in  many 
points  untrustworthy. 

The  President  (Prof.  Duncan)  read  a  letter  from  Mr.  H.  B. 
Woodward,  in  which  the  latter  stated  that  his  reason  for  bringing 
this  paper  forward  was  that  many  sections  were  now  to  be  seen  in 
the  course  of  excavations  for  building  around  Newton-Abbot,  which 
would  soon  be  obliterated.  The  President  also  said  that  he  had 
been  over  the  ground  mentioned  by  Mr.  Worth  in  his  paper,  and 
entirely  agreed  with  the  views  expressed  by  that  gentleman. 
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28.  The  Bone-caves  of  Creswell   Crags. — 2nd  Paper.      By  the 
Rev.  J.  Magbns  Mbllo,  M.A.,  F.G.8.    (Read  April  5, 1876.) 

I  had  the  honour  last  June  of  reporting  to  the  Society  my  dis- 
covery of  some  interesting  bone-caves  and  fissures  in  Creswell  Crags, 
in  the  Lower  Magnesian  Limestone  of  N.E.  Derbyshire,  which  con- 
tained a  large  number  of  species  of  Pleistocene  mammalia,  together 
with  some  traces  of  the  presence  of  man*.  I  was  able  on  that 
occasion  to  exhibit  portions  of  some  15  or  16  species  belonging  to 
no  fewer  than  12  genera  obtained  from  one  cave  alone,  locally 
known  as  the  Pin-hole,  so  called  from  a  curious  custom  which 
prevails  amongst  some  of  its  visitors  of  dropping  a  pin  into  a  small 
water-filled  hollow,  removing  at  the  same  time  a  pin  deposited  by 
some  previous  visitor.  Amongst  the  animals  which  had  left  their 
remains  in  this  cave  the  most  important  were  the  Irish  Elk,  the 
Glutton,  and  the  Arctic  Pox ;  together  with  these  were  a  large 
number  of  Hyaena  remains,  and  also  bones  and  teeth  of  the  Mam- 
moth, the  Woolly  Rhinoceros,  the  Brown  Bear,  the  Reindeer,  tho 
Urus,  and  of  some  other  animals.  During  the  past  summer  I  have 
been  able  to  carry  on  the  work  of  exploration,  assisted  by  Mr. 
Thomas  Heath,  P.R.H.S.,  Curator  of  the  Derby  Museum,  who  has 
been  able  to  devote  a  good  deal  of  time  to  it,  and  whose  skilful  help 
has  been  of  great  value  in  carrying  on  the  researches  ;  and  I  must 
also  acknowledge  tho  energetic  assistance  given  us  by  Mr.  P.  Tebbet, 
superintendent  at  the  Creswell  quarries,  who  from  the  beginning  has 
taken  much  interest  in  these  discoveries. 

We  commenced  tho  renewed  search  by  continuing  the  excavation 
of  the  floor  of  the  Pin-hole,  trusting  that  amongst  other  remains  we 
might  obtain  some  more  evidence  of  the  presence  of  the  Arctic  Pox ; 
in  this,  however,  we  were  not  successful.  All  the  front  of  the 
cavern  was  thoroughly  searched,  the  chief  bones  found  being 
two  perfect  pelves  of  Rhinoceros  ticTiorhinus,  and  also  two  atlases 
of  the  same  animal,  together  with  a  few  Reindeer-  and  other  bones 
of  no  particular  interest.  As  we  worked  our  way  further  into  the 
n ia. 1 £  v * — j  wa8  verv  8ma]2  indeed;  the  bed 

f  the  cave  had  proved  so  rich  in 
stone  fragments,  and  was  nearly 
aed,  under  these  circumstances, 
md  begin  tho  exploration  of  a 
m  the  ravine,  and  in  the  same 
lobin-Hood  Cave,  is  of  moderate 
>mmunicating  with  each  other, 
narrow  walls  of  the  limestone 

a  section  of  the  floor  at  the 
about  8  feet,  where  blocks  of 
bably  form  part  of  the  original 
kj.  vol.  xxxi.  p.  079. 
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Fig.  1. — Bough  Ground-plan  of  the  Robin-Hood  Cave,  CresweU  Crags. 
(Scale  20  feet  to  1  inch.) 


The  curved  broken  lines  indicate  the  portion  worked  out 

floor  of  the  cave.  We  gradually  worked  forward  into  the  cave, 
carefully  examining  each  stratum  as  it  was  removed.  As  in  the 
Pin-hole,  so  here  there  was  a  certain  amount  of  dark  surface-soil  of 
inconsiderable  thickness,  seldom,  if  ever,  exceeding  5  or  6  inches, 
and  near  the  entrance  not  above  2  inches;  in  this  in  different 
parts  of  the  cavern  we  found  some  broken  fragments  of  Roman  and 
Mediaeval  pottery,  a  human  incisor,  and  some  bones  of  recent  animals 
(sheep  etc.).  On  the  left-hand  side  of  the  cave,  and  extending  a  con- 
siderable way  across  its  mouth,  there  was  a  very  hard  limestone 
breccia,  varying  in  thickness  from  a  few  inches  up  to  about  3  feet ; 
beneath  the  breccia  was  a  deposit  of  light-coloured  cave-earth,  more 
or  less  sandy  and  very  calcareous ;  where  the  breccia  attained  its 
greatest  thickness  the  cave-earth  was  almost  wanting,  being  only  a 
few  inches  thick  at  the  side  of  the  cave ;  but  further  in,  under  the 
thinner  portions  of  the  breccia,  the  cave-earth  was  fully  3  feet 
thick ;  the  succeeding  layer  was  of  dark-red  sand,  very  similar  in 
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character  to  the  bone-bearing  bed  of  the  Pin-hole,  but  differing 
from  it  in  containing,  near  its  base,  patches  of  highly  laminated  red 
clay.  Small  nodular  masses  of  black  oxide  of  manganese  occurred 
here  and  there  in  the  sand,  and  also  some  quartzite  and  other 
pebbles.  This  middle  red  sand  bed  was  about  3  feet  thick,  and 
rested  upon  a  bed  of  lighter-coloured  sand,  containing  many  rough 
blocks  of  limestone  already  mentioned  as  apparently  forming  part 
of  the  original  floor  of  the  cavern.    Fig.  2  gives  a  section  across  the 

Fig.  2. — Section  in  the  Robin-Hood  Cave,  in  line  1,  Fig.  1. 


-f  Stalactite  uniting  breccia  with  roof. 

a.  Stalagmitic  breccia,  with  bones  and  implements,  18  in.  to  3  ft. 

b.  Care-earth,  with  bones  and  implements,  of  variable  thickness. 

c.  Middle  red  sand  with  laminated  red  clay  at  base,  containing  bones,  3  ft. 

d.  Lighter-coloured  sand  with  limestone  fragments,  2  ft.  ? 

•e  the  thickness  of  the  breccia  was  greatest. 
i,  taken  across  the  cavern,  facing  the  openings 
i  are  shown  above  the  cutting, 
rcccia  (a)  was  firmly  cemented  together  by 

masses  of  which  were  interspersed  with  it ; 

was  so  hard  that  it  had  frequently  to  be 
re  it  and  examine  its  contents.  It  was  found 
or  of  bones,  mostly  of  small  animals,  including 
gether  with  these  were  some  of  the  Reindeer, 
Hysena,  Bhinoceros  tichorhinus,  and  Hone. 
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Fig.  3, — Section  in  the  Robin-Hood  Cave^'in  line  2,  Fig.  1. 


a.  Surface-soil  and  thin  breccia,  2-3  in. 

b.  Care-earth,  with  flint  and  quartzite  implements,  teeth,  bones,  angular  lime- 

stone fragments,  and  charcoal,  3  ft. 
e.  Bed  Sand  with  laminated  clay,  few  bones,  3  ft. 
1.  Fox-hole? 

Besides  the  bones,  the  breccia  contained  numerous  flint  flakes  and 
chips,  as  well  as  one  or  two  flint  cores.  Although  the  majority  of 
the  flints  were  chips,  or  flakes  of  the  simplest  character,  some  few 
of  them  were  of  superior  workmanship,  being  well-shaped  spear- 
heads, or  large  arrow-heads  chipped  on  both  surfaces ;  there  were 
also  one  or  two  sharply  pointed  flints  of  the  awl  type.  A  few 
quartzite  implements,  similar  to  those  to  be  described  in  the  suc- 
ceeding bed,  were  found  in  the  breccia. 

The  Cave-earth  (b). — The  cave-earth  contained  some  flint  imple- 
ments ;  but  besides  these  were  a  large  number  of  split  or  chipped 
quartzite  pebbles,  evidently  fashioned  by  man,  most  of  them  having 
a  very  definite  bulb  of  percussion,  and  a  general  uniformity  of 
design  prevailing  amongst  them.  Amongst  these  quartzite  imple- 
ments are  some  fashioned  on  both  faces,  and  which  present  in  their 
oval  form  a  decidedly  palaeolithic  aspect ;  a  similarly  shaped  imple- 
ment of  clay-ironstone  was  found  with  these.  Some  of  the  pebble 
implements  were  designed  for  hammers,  one  large  one  having  a  few 


Digitized  by  VjOOQ IC 


244    J.  MAemcs  hbllo  ok  the  bone-caves  or  creswell  crags. 

chips  struck  off  one  end,  and  the  opposite  face  being  much  bruised. 
Besides  these  implements  there  were  a  considerable  number  of 
unfashioned  pebbles  of  quartzite,  together  with  one  or  two  of  black 
chert  and  of  quartz,  both  in  the  cave-earth  and  in  the  red  sand. 
The  cave-earth,  as  well  as  the  breccia,  contained  a  good  many  small 
fragments  of  charcoal.  We  found  numerous  animal  remains  in  this 
bed.  Horse-teeth  were  specially  numerous,  and  also  those  of  the 
Rhinoceros  tichorhinus,  and  of  the  Hyaena ;  a  good  many  very  perfect 
fragments  of  both  the  upper  and  lower  jawbones  of  the  latter 
animal  were  found,  one  of  the  upper  jaws  still  retaining,  in  addition 
to  the  canine  and  large  molars,  the  small  fifth  molar  that  is  so 
generally  lost.  A  left  ramus  of  a  lower  jaw  has  also  some  of  the 
incisors  in  situ.  The  numerous  Rhinoceros-teeth  are  both  upper  and 
lower  molars  and  premolars,  together  with  some  milk-teeth,  most  of 
them  being  very  perfect.  In  this  bed  were  found  bones  of  the 
Reindeer,  as  well  as  teeth,  and  also  some  fine  teeth  of  the  Cave- 
Lion  and  of  Bears.  At  the  base  of  the  cave-earth,  at  one  place  on 
the  left-hand  side  of  the  cavern  there  was  a  thin  bed  of  small 
pebbles,  apparently  deposited  by  water;  this  and  the  laminated  red 
day  were  the  only  traces  of  any  thing  like  regular  bedding  in  the 
floor  of  the  cave,  apart  from  the  chief  divisions  already  mentioned. 
At  one  point  the  cave-earth  had  been  considerably  disturbed  by  a 
fox-hole ;  this  was  the  only  instance  in  which  such  disturbance  was 
seen  (see  1,  fig.  2). 

The  Bed  Sand  (c). — The  Red  Sand  underlying  the  cave-earth 
contained  comparatively  few  bones,  except  in  one  place  near  the 
entrance  of  the  cavern,  where  a  considerable  number  of  large  bones 
were  found  at  its  base,  almost  resting  on  the  underlying  light  sand. 
The  bones  consisted  of  portions  of  antlers  and  other  remains  of  the 
Reindeer,  some  very  perfect  metacarpals  and  metatarsals,  and  ver- 
tebra of  the  Bison,  and  some  bones  of  the  Hyaena  etc.  At  another 
place  was  found  an  extremely  perfect  small  molar  of  Elephas  primi- 
genius  with  a  portion  of  the  jawbone  still  attached  to  it.  A  further 
and  detailed  account  of  the  implements  and  bones  of  this  cavern  has 
been  kindly  prepared  for  me  by  my  friend  Prof.  Boyd  Dawkins,  and 
will  be  found  in  the  following  paper.  One  thing  to  which  I  should  call 
attention  is  the  somewhat  strange  fact  that  although  a  very  large 
majority  of  the  bones  discovered  have  been  gnawed  by  hycenas,  to 
whose  agency  we  must  attribute  the  presence  of  most  of  the  animal 
remains  found  in  these  caves,  yet  up  to  the  present  time  we  have 
been  able  to  find  no  trace  of  the  coprolites  of  these  animals,  which 
are  usually  so  numerous  in  hyaena-dons ;  I  hardly  know  how  to 
account  for  their  absence.  I  hope  that  we  shall  be  able  to  continue 
the  work  of  exploration  during  the  ensuing  summer ;  and  the  results 
of  such  further  explorations  I  trust  I  shall  have  the  honour  of 
bringing  before  the  Society  at  a  later  period. 

[For  the  Discission  on  this  paper  see  p.  256.] 
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29.  On  the  Mammalia  and  Traces  of  Man  found  in  the  Robin-Hood 
Cavb.  By  W.  Boyd  Dawxins,  Esq.,  M.A.,  F.R.S.,  F.G.S., 
FJ3.A.,  Professor  of  Geology  and  Paleontology  in  the  Owens 
College.     (Read  April  5, 1876.) 

Contents. 

1.  Care  occupied  by  Hyaenas  during  deposition  of  Lower  and  Middle  strata. 

2.  Occupation  of  cave  by  Hyaenas  interrupted  by  floods. 

3.  Occupation  of  cave  by  Hyaenas  during  deposition  of  cave-earth  interrupted 

by  Man. 

4.  Occupation  by  Man  during  the  period  of  the  Breccia. 

5.  Dog  not  present. 

6.  Fauna  of  the  Breccia  different  from  that  of  underlying  strata. 

7.  Remains  from  surface-soil. 

8.  Distribution  of  Species' in  the  cave. 

9.  Notes  on  Species. 

10.  Traces  of  Man  in  the  care. 

11.  Implements  of  antler  and  mammoth-tooth. 

12.  Implements  of  quartzite  and  ironstone. 
13w  Implements  of  flint. 

14.  Distribution  of  implements  in  cave. 

15.  The  ruder  implements  the  older. 

16.  North-western  range  of  Paleolithic  hunters. 

The  discovery  of  the  fossil  remains  in  the  Robin-Hood  Cave, 
brought  before  the  Geological  Society  by  the  Rev.  J.  Magens  Mello 
in  the  preceding  paper,  is  of  no  common  interest.  It  proves 
not  only  that  the  caves  of  Derbyshire  were  the  lairs  of  Hysenas  in 
ancient  times,  but  that  they  were  inhabited  by  the  same  kind  oi 
Palaeolithic  men  as  those  of  the  caves  of  the  south  of  England, 
of  France,  Belgium,  and  Switzerland.  The  remains  have  been 
handed  over  to  me  for  description  by  Mr.  Mello  and  his  coadjutor 
Mr.  Heath,  and  are  the  subject  of  the  following  remarks. 

1.  Cave  occupied  by  Hyomas  during  deposition  of  Lower 
and  Middle  strata. 
A  comparison  of  the  bones  and  teeth  from  the  lower  red  sand 
and  clay,  and  from  the  cave-earth,  with  those  from  Wookey  Hole, 
Kent's  Hole,  Kirkdale,  and  other  hyaena-dens,  renders  it  impossible 
to  doubt  that  the  great  majority  of  the  animals  in  the  cave  were 
killed  and  eaten  by  the  Hyaenas.  With  few  exceptions  the  solid 
bones  are  alone  perfect,  the  long  bones  containing  marrow  and  the 
vertebrae  being  represented  merely  by  gnawed  fragments.  All  the 
lower  jaws  have  lost  their  angles  and  coronoid  process;  and  the 
number  of  teeth  stands  in  a  greater  ratio  to  the  quantity  of  bones, 
than  would  have  been  the  case  had  not  their  possessors  fallen  a  prey 
to  a  bone-destroying  animal.  The  only  long  bones  and  vertebrae 
which  were  found  without  marks  of  the  teeth  of  Hyaena  were  met 
with  in  the  lowest  ossiferous  stratum,  and  belong  to  the  Bison  and 
Reindeer.  Their  presence  may  be  explained  by  the  supposition  that 
they  were  introduced  by  the  stream  flowing  past  the  entrance. 
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2.  Occupation  of  cave  by  Hyamas  interrupted  by  Floods. 

The  red  sand  and  clay  of  the  lower  ossiferous  stratum  are  the 
results  of  an  occasional  flooding ;  and  the  smoothed  and  rounded 
surfaces  of  many  of  the  hones  and  teeth  are  due  to  the  Motion  of 
the  sand  set  in  motion  hy  the  currents  of  water  in  the  cave. 

It  seems,  therefore,  tolerably  clear  that  the  occupation  of  the  cave 
by  the  Hyaena,  during  the  time  of  the  deposition  of  the  lower  ossiferous 
stratum,  was  occasionally  interrupted  by  floods. 

3.  Occupation  of  cave  by  Hyamas  during  deposition  of  cave-earth 
interrupted  by  Man. 

The  middle  deposit  of  red  loam,  of  the  kind  so  abundant  in 
caves  in  the  south  of  England,  has  probably  been  introduced  during 
heavy  rains,  and  is  to  some  extent  the  result  of  the  decomposition 
of  the  limestone.  During  its  accumulation  Hyaenas  inhabited 
the  cave ;  but  their  occupation  was  disturbed  by  the  visits  of  Palaeo- 
lithic hunters,  who  left  behind  them  the  implements  to  be  presently 
described. 

4.  Occupation  by  Man  during  the  period  of  the  Breccia. 
The  remains  from  the  breccia  above  the  cave-earth  seem  to  me 
to  indicate  that  the  cave  at  that  time  was  inhabited  by  Man,  and 
that  it  was  not  so  frequently  visited  by  the  Hyaenas  as  before. 
The  pieces  of  breccia,  which  I  have  carefully  broken  up  in  search 
after  bone  needles,  contain  for  the  most  part  the  split  and  broken 
bones  and  a  few  vertebrae  of  the  Hare.  Had  the  Hyaenas  then 
frequented  the  cave,  the  vertebrae  would  have  been  eaten,  and  some 
of  the  bones  would  have  been  gnawed. 

5.  Dog  not  present. 
The  presence  of  the  vertebrae  also  implies  that  the  Dog  was  not 
used  by  the  hunters  who  then  lived  in  the  cave.  It  will  be  remem- 
bered that  a  similar  conclusion  was  drawn  by  MM.  Lartet  and 
Christy  from  the  vertebrae  of  Reindeer  in  the  caves  of  Perigord  with 
regard  to  the  Palaeolithic  hunters  in  the  south  of  France.  It  seems, 
to  me,  indeed,  after  a  careful  examination  of  all  the  evidence,  that 
the  Dog  was  not  the  servant  of  Man  in  the  Palaeolithic  age  in 
Europe,  and  that  the  reputed  occurrence  of  its  remains  in  deposits 
of  Pleistocene  age  is  the  result  of  mistaken  identity,  or  of  mistaken 
gisement. 

6.  Fauna  of  the  Breccia  different  from  that  of  underlying  strata. 

The  group  of  remains  from  the  breccia  differs,  as  may  be  seen 
from  the  following  Table,  considerably  from  those  of  the  underlying 
strata.  The  carnivores  of  the  latter,  with  the  exception  of  the 
Hyaenas  and  Wolf,  are  conspicuous  by  their  absence ;  while  all  the 
herbivores  are  represented,  with  the  exception  of  the  Bison.  The 
Hare,  on  the  other  hand,  so  rare  in  the  latter,  is  abundant  in  the 
breccia,  This  difference  in  the  mammal  faunas  is  accompanied,  as 
will  be  seen,  by  corresponding  differences  in  the  implements.     The 
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numerous  flint  flakes  and  fragments  of  charcoal  in  the  breccia 
prove  that  then  Man  was  the  normal  inhabitant  of  the  cave,  while 
the  broken  bones  prove  that  he  fed  for  the  most  part  on  hares. 

7.  Remains  from  Surface-soil. 

The  remains  from  the  surface-soil  belong  to  domestic  animals, 
such  as  the  Short-horned  Ox  (Bos  longifrons),  Goat,  Hog,  and  Dog, 
or  to  Hares  and  Babbits.  A  fragment  of  Samian  ware  and  pieces  of 
rude  black  pottery  prove  that  the  cave  was  visited  after  the  Roman 
conquest,  and  sherds  of  a  glazed  jar  that  it  was  also  visited  in  the 
middle  ages. 

8.  Distribution  of  Species  in  the  Cave. 

The  accompanying  list  of  species  shows  the  vertical  distribution  of 
the  animals  in  the  cave,  and  enables  us  to  form  a  rough  idea  of  the 
mammalian  fauna  of  the  district.  It  will  be  seen  that  during  the 
accumulation  of  the  lower  and  middle  strata  the  Horse  was  more 
often  the  prey  of  the  Hyaena  than  any  of  the  other  animals,  and 
next  to  it  the  woolly  Rhinoceros,  just  as  in  the  Hyaena-den  of 
Wookey  Hole,  while  the  Bison,  so  enormously  abundant  in  the 
deposit  at  Windy  Knoll  (Derbyshire),  is  comparatively  rare.  It 
was,  however,  more  abundant  in  the  lower  stratum  in  the  cave  than 
in  the  cave-earth,  the  numbers  of  specimens  in  each  being  as  thirty 
to  six. 
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sand  and  clay. 


Middle  oaye- 
earth. 


Upper 
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1.  Mail  (Homo)  

2.  Lion  (Tar.  Felis  spe!<ea). 

3.  Spotted    Hyaena   (Tar. 

spdaa) 

4.  Fox  (Canis  vulpes) 

5.  Wolf  ( Canis  lupus)   

6.  QrusijBeaT't{Ursusferox) 

7.  Brown  Bear  (  Uraus  arctos)  . 
&  Iriah  T£Vk.(Gervusmegaceros) 
9.  Reindeer  ( Cervus  tarandus). 

10.  Bison  (Tar.  BUon  priacus). 

11.  Horse  (Equus  cabaUus) .... 

12.  Woolly  IUueooeros(2?.  tieko- 

rktmts) 

13.  Mammoth  (Elephas  primi- 

genius) 

14.  Wild  Boar  (Sus  serofaferus) 

15.  Hare  (Lepus  timidus) 

16.  Arvicola  amphibia  .... 


17.  Dog  (Cants  famiUaris) ... 

18.  Goat  (Copra  Mrcus) 

19.  Celtic  Shorthorn  (Bos  longi- 

fi»»*)  

2D.  Hog  ( Bus  serofa  domesticus) 
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a  tyne,  which  has  been  ground  down  to  a  sharp  point  (fig.  1),  simi- 
lar to  many  of  those  found  in  the  caves  of  tie  Dordogne, 
Fig.  1.  and  figured  in  the  '  Reliquiae  Aquitanics.'  It  may  have 
formed  part  of  a  pin  such  as  that  figured  by  Mr.  John 
Evans  from  Kent's  Hole  (Ancient  Stone  Implements, 
fig.  406).  Another  pointed  tyne  may  also  have  been 
used  for  the  same  purpose  as  fig.  I ;  but  the  marks  of 
Man's  handiwork  are  not  so  decided.  A  fragment  of 
the  base  of  a  Reindeer-antler  from  the  cave-earth  may 
perhaps  have  been  cut  and  perforated  by  the  hand  of 
Man.  Another  is  a  triangular  sharp-pointed  arrow-head 
or  piercer  (?),  formed  of  one  of  the  plates  of  an  Elephant's 
molar,  probably  of  a  milk-molar.     Its  surface  is  highly 

Point  mad*  P°^snea^  an<*  lt>  nas  ^)een  formed  by  the  loss  of  the  enamel 
of  antler,    and  the  grinding  of  the  surface  of  the  dentine  until  it  as- 

<Jju4JJJju  sumed  its  present  form*.  A  loose  plate  of  the  milk-molar 
of  a  Mammoth  was  also  found  in  the  cave. 

12.  Implements  of  Quartzite  and  Ironstone. 
The  implements  of  quartzite  and  ironstone,  eighty-six  in  number 
(irrespective  of  splinters),  belong  to  well-known  types  in  other  regions, 
which  are  generally  fashioned  out  of  flint.     They  have  all  been  made 


Pig.  3. 


Quartxite  flake,  X  J.    Cave-earth. 
a.  Section. 


QuarUite  hache,xi.    Care-earth,    a.  Section. 


*  This  singular  specimen  is  considered  by  Mr.  Evans  to  be  non-artificial. 
After  a  further  examination  of  it  in  the  British  Museum,  Mr.  Davies  and  myself 
cannot  look  upon  it  otherwise  than  as  expressed  in  the  text 
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out  of  pebbles,  in  which  advantage  has  been  taken  of  the  smooth  sur- 
face to  form  one  side  of  the  implement. 

A  triangular  implement  (fig.  2),  tapering  from  the  unworked  base 
to  an  obtuse  point,  and  carefully  worked  at  the  sides  and  point,  was 
obviously  intended  to  be  used  in  the  hand  like  those  of  the  Pleisto- 
cene river-gravels.  The  side  which  is  not  figured  is  fiat,  and  has 
been  produced  by  one  blow  which  has  split  the  pebble ;  it  measures 
4*4  inches. 

A  second  rudely  chipped  stone  has  also  probably  been  intended 
for  use  in  the  hand ;  its  point,  however,  has  been  broken  away,  so 
that  its  exact  original  form  cannot  be  ascertained. 

A  third,  with  curved  hatchet-edge,  is  notched  by  use ;  and  its 
rounded  shape  bears  a  resemblance  to  some  of  the  "  choppers "  of 
Le  Moustier,  La  Madelaine,  and  of  the  British  river-gravels  figured 
by  Mr.  Evans  (fig.  443).  It  consists  of  a  pebble  broken  so  that 
the  blunt  end  may  be  easily  grasped  in  the  fingers. 

Figure  3  represents  a  rude  flake  which  has  the  bulb  of  percussion 
and  the  surface  of  the  chipping- block  as  well  marked  as  in  most 
flint  implements  of  the  same  kind.  One  of  its  surfaces  is  composed 
of  the  water-worn  surface  of  the  pebble ;  and  both  its  edges  have 
been  chipped  by  wear. 

Another  form  may  be  described  as  a  flake  of  the  rude  kind  found 
in  the  valley-gravels  and  in  the  cave  of  Moustier.  Its  edges  ard 
considerably  worn  by  use.  It  is  the  only  quartzite  implement  found 
in  the  breccia,  the  two  others  being  splinters. 

The  implements,  fig.  4,  of  quartzite,  and,  fig.  5,  of  ironstone, 

Fig.  4.  Fig.  5. 


/h* 


Oval  quartzite  implement,  x£.  Oral  implement  of  ironstone,  X  J. 

Care-earth,    a.  Section.  Oave-eartb.    a.  Section. 

have  been  chipped  all  round,  and  are  of  the  oval  shape  common  at 
St.  Acheul  and  at  Moustier.  The  first  corresponds  in  form  with 
that  which  I  have  figured  from  Wookey  Hole  in  the  Journal  of  the 
Society,  and  the  second  with  one  which  I  have  in  my  possession 
Q.J.G.S.  Xo.  127.  t 
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from  the  same  cavern,  although  the  former  is  thicker  than  the  latter. 
They  measure  respectively  3  X  2*2  and  2*4  x  1*6  inches. 

Five  quartzite  hammer-stones  bruised  and  broken  by  use  were 
also  found,  and  many  quartzite  pebbles. 

It  may  be  remarked  that  palaeolithic  implements  of  quartzite  have 
been  met  with  in  India  in  the  Lateritic  strata  and  in  a  river-deposit 
in  the  valley  of  the  Narbadd  (« Cave  Hunting,'  p.  426).  In  the 
Museum  at  Toulouse  they  are  also  to  be  seen  from  the  valley-gravels 
of  that  neighbourhood. 

Among  the  specimens  sent  to  me  by  the  Rev.  J.  M.  Mello  is  a 
ground  and  polished  fragment  of  Silurian  or  Cambrian  flagBtone 
(measuring  4  x  3  x  0*5  inches).  It  has  formed  part  of  a  slab  which 
has  been  broken  up. 

13.  The  Flint  Implements. 

The  flints  which  bear  the  trace  of  man's  handiwork  in  the  cave 
amount  to  upwards  of  267.  Among  them  the  most  striking  are  the 
flakes  which  have  been  wrought  into  finely  pointed  lanceolate 
forms.  One  of  these,  fig.  6  (measuring  3*35  x  0*95  inches),  is  care- 
fully worked  on  the  flat  side  (a),  while  the  opposite  surfaces  are 
worked  at  the  extremities.     It  is  carefully  chipped  at  both  ends. 

A  second  and  smaller  specimen  presents  the  same  general  form. 
This  type  is  identical  with  that  figured  by  Mr.  Evans  from  Kent's 
Hole,  fig.  300,  except  that  in  the  specimens  from  Robin-Hood  Cave 
the  greater  part  of  the  working  is  to  be  seen  on  the  flat  side. 
Fig.  6.  -     - 


lanceolate  flint  flake,  X  \.    Breccia.  Lance-head  of  flint,  X  i    Breccia. 

The  double-pointed  lanceolate  flake  (Bg.  7),  which  tapers  from 
the  wide  central  portion  to  the  ends,  from  which  apparently  the 
points  have  been  broken,  is  also  carefully  worked  on  the  upper  half 
of  the  flat  surface ;  and  the  chipping  has  been  continued  to  the  end 
of  the  left  lower  side  of  the  implement  (a).  On  the  other  side  (6) 
the  opposite  edge  is  worked  on  the  opposite  surfaoe,  with  the  prac- 
tical result  of  producing  a  twist  in  the  edges  analogous  to  that 
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which  has  been  observed  in  neolithic  arrow-heads,  intended  to  make 
the  arrow  revolve  in  its  flight.  It  measures  3*8  by  1-42  inches.  A 
fragment  of  a  second  specimen  was  also  found  corresponding  with 
the  upper  part  of  fig.  7,  and  as  nearly  as  possible  of  the  same  size  and 
form  as  a  specimen  in  the  Oxford  Museum  from  Wookey  Hole.  In  all 
these  implements  the  salient  midrib  of  the  flake  has  been  left  intact. 

If  this  latter  form  (fig.  7)  be  compared  with  those  figured  in  the 
'  Reliquiae  Aquitanicffi '  from  Perigord,  it  will  be  seen  that  it  bears 
a  strong  family  resemblance  to  some  of  those  from  Laugerie  Haute 
(a,  pi.  iv.  figs.  7,  8,  9).  They  are  also  of  the  same  type  as  those 
from  the  Pleistocene  portion  of  the  deposits  at  Solutr£  figured  by 
MM.  Ducrost  and  Lortet  (Archives  du  Museum  d'Histoire  Naturelle 
de  Lyon,  iL  pL  v.),  and  considered  by  M.  de  Mortillet  to  be  cha- 
racteristic of  a  stage  in  the  Palaeolithic  culture. 

Two  other  fragments  of  trimmed  flakes  were  found,  both  with  the 
salient  ribs  worked  carefully  off  and  the  flat  inferior  surface  intact. 

In  fig.  8  an  implement  is  represented  formed  of  a  flake  with 
the  cutting-edge  carefully  and  minutely  chipped.  The  inferior  sur- 
face is,  for  the  most  part,  flat  and  un worked,  while  the  superior  is 
occupied  by  the  natural  surface  of  the  flint-pebble.  It  is  probably 
a  scraper,  analogous  to  that  from  Kent's  Hole,  fig.  392  of  *  Ancient 
Stone  Implements.' 

Eleven  flakes,  with  one  of  their  extremities  trimmed  to  a  rounded 
edge,  were  met  with.  They  are  of  the  usual  type  so  common  in  the 
caves  of  Perigord.  One  fragment  is  of  the  same  form  as  the  upper 
half  of  fig.  396  of  *  Ancient  Stone  Implements,9  and  is  composed  of  a 
flake  struck  from  the  outer  side  of  a  flint-pebble. 

Fig.  8.  Fig.  9.  Fig.  10. 


flint  seraper,  X  *.  Flint  implement.  Flint  implement. 

Cave-earth,    a.  Section.  Full  rise.    Breccia.        Full  sixe.    Breccia. 

Figs.  9  and  10  represent  two  very  singularly  worn  flakes  like  those 
which  havo  been  figured  by  Mr.  Evans(figs.  398,399,400)  from  Kent's 
Hole.  The  first  consists  of  a  flake  with  "  an  oblique  straight  scra- 
ping edge,  forming  an  obtuse  angle  with  one  side  of  the  flake,  and  an 
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acute  angle  with  the  other."   The  angle  made  by  this  edge  with  the 

major  axis  of  the  flake  is  38°  in  two  specimens,  and  31°  in  a  third. 

In  the  second  (fig.  10)  both  ends  have  been  slanted  off,  and  the 

curved  edge  of  the  flake  has  been  worn,  while  the  straight 

one  is  sharp.   The  unworn  edge  has  probably  been  in-        Fig.  11. 

sorted  into  a  handle  of  some  sort  or  another.    Three  of 

the  first  kind  were  met  with,  and  one  of  the  second. 

A  drill,  or  piercer,  is  represented  in  fig.  11, 
formed  out  of  a  small  flint  flake.  It  is  of  similar 
shape  to  those  figured  from  the  caves  of  Perigord 
in  the  'Reliquiae  Aqmtanic83.,  The  manufacture 
of  implements  is  proved  to  have  gone  on  in  the 
cave  by  the  presence  of  large  numbers  of  flakes  and 
a  few  chipping- blocks. 

The  general  facies  of  the  whole  collection  of 
implements,  and  their  association  with  the  extinct 
mammalia  in  the  cave-earth  and  breccia,  prove  them 
to  be  of  Palaeolithic  age.  .  flint  borer.  Full 
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14.  Distribution  of  Implements  in  the  Cave. 

The  distribution  of  implements  in  the  cave  represents,  as  may  be 
seen  from  the  preceding  Table,  three  distinct  stages.  During  the 
time  of  the  deposit  of  the  lower  stratum  Man  is  not  represented 
among  the  fauna  of  the  district.  While  the  cave-earth  was  being 
accumulated,  his  presence  is  marked  principally  by  the  quartzite 
implements  formed  out  of  an  intractable  material,  and  far  ruder 
than  those  which  are  generally  formed  out  of  the  more  easily 
fashioned  flint. 

Of  ninety-four  worked  quartzite  pebbles,  only  three  were  found 
in  the  breccia,  while  eight  only  of  the  267  worked  flints  were  met 
with  in  the  cave-earth  (including  fig.  8).  The  huuter,  therefore,  of 
the  cave-earth  period  used  quartzite  for  most  of  his  implements, 
while  that  of  the  age  of  the  breccia  used  flint,  the  overlapping  of 
the  two  materials  in  this  cave  being  comparatively  slight. 

15.  The  Ruder  Implements  the  Older. 

The  workmanship  of  the  later  of  these  two  periods  of  human 
occupation  is  of  a  higher  order  than  the  former.  If,  for  example, 
we  compare  figs.  6,  9,  10,  11  with  figs.  2,  3,  4,  5,  it  is  impossible 
to  resist  the  conclusion  that  the  hunter  of  the  breccia-age  was  better 
equipped  than  his  predecessor  of  the  era  of  the  cave-earth. 

If  these  groups  of  implements  be  compared  with  those  found  in 
other  palaeolithic  deposits,  it  will  be  seen  that  the  older  quartzite 
division  corresponds  in  its  general  form  with  that  series  which  is- 
assigned  by  M.  do  Mortillet  ('  Materiaux,'  Mars  1869,  "  Essai  d'une 
Classification  ")  to  "  the  age  of  Moustier  and  St.  Acheul,"  and  which 
is  represented  in  this  country  by  the  rude  implements  of  the  lower 
breccia  in  Kent's  Hole.  The  newer  or  flint  division,  on  the  other 
hand,  contains  among  its  forms'  more  highly  finished  implements, 
such  as  figs.  6  and  7,  whioh  correspond  with  those  which  are  con- 
sidered by  M.  de  Mortillet  to  belong  to  "  the  age  of  SolutreV'  and 
which  are  found  in  this  country  in  the  cave-earth  of  Kent's  Hole 
and  Wookey  Hole.  In  this  cave,  therefore,  we  have  a  direct  relation, 
in  point  of  time,  established  between  the  rude  types  of  implements 
below  and  the  more  finished  ones  above,  which  is  a  fact  of  no  small 
importance  in  the  classification  of  Palaeolithic  implements.  In  all 
future  cave-explorations  it  will  be  necessary  to  keep  a  keen  look-out 
for  broken  pebbles  and  roughly-edged  stones,  with  scarcely  any 
marks  of  design,  which  may  have  served  the  ends  of  savages  of  a  far 
lower  culture  than  those  whose  history  has  been  revealed  to  us  in 
the  caves  of  Perigord  and  of  Belgium. 

16.  North-western  Range  of  Palatolithie  Hunters. 

This  discovery  of  implements  in  Derbyshire  extends  considerably 
the  known  range  of  the  Palaeolithic  hunter  to  the  north  and  to  the 
west.  Hitherto  the  Yale  of  Clwyd  has  been  the  district  furthest  to 
the  north  in  this  country  in  which  his  implements  have  been  dis- 
covered.    The  fragment  of  human  fibula  in  the  Victoria  cave  has 
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proved  his  presence  in  the  Pleistocene  age  in  Yorkshire;  the  caves  of 
the  south  of  England  prove  that  he  wandered  over  the  plains  now 
submerged  beneath  the  waters  of  the  Channel ;  those  of  Somerset, 
Pembroke,  and  Herefordshire,  that  he  inhabited  the  valleys  of  the 
British  Channel,  the  Severn,  and  the  Wye.  He  is  proved  by  M. 
Dnpont  to  have  hunted  the  reindeer  and  mammoth  in  Belgium,  on 
the  eastern  side  of  the  great  valley  which,  during  the  latest  stage  of 
the  Pleistocene,  extended  across  where  now  exists  the  German  ocean, 
and  joined  the  eastern  counties  to  Belgium.  That  savage  tribes  living 
on  the  chase  should  be  found  on  one  side  only  of  a  great  valley,  while 
the  animals  which  they  hunted  were  equally  abundant  on  both, 
was  in  the  highest  degree  improbable.  We  now  have  proof  that 
their  hunting-grounds  extended  as  far  to  the  west  as  the  hills  of 
Derbyshire — hills  which  in  those  times  abounded  with  Bisons,  Rein- 
deer, Horses  and  Woolly  Bhinoeeroses,  and  in  which  (as  I  have  shown 
in  my  u  Essay  on  the  Animals  found  at  Windy  Knoll ")  there  was  a 
continual  swinging  to  and  fro  of  migratory  animals  as  in  North 
America.  And  further,  we  now  have  proof  of  the  presence  of  the 
Palaeolithic  hunters  close  to  the  glaciated  region  to  the  north-west, 
which  was  probably  covered  with  glaciers  in  the  late  Pleistocene 
age.  We  have,  however,  no  evidence  as  to  the  relation  of  the  con- 
tents of  the  Creswell  Caves  to  the  Boulder  Clays. 

Discussiox. 

Mr.  Evans  considered  the  cave  to  be  of  a  most  interesting  cha- 
racter. Implements  of  worked  flints  were  here  found  in  one  bed 
lying  on  another  in  which  implements  of  quartzite  occurred,  the 
latter  being  the  ruder.  That  the  implements  from  the  lower  bed 
were  less  finished  than  those  of  the  upper  was  doubtless  to  a  great 
extent  due  to  the  nature  of  the  material  of  which  they  were  formed. 
Some  of  them  resemble  in  character  forms  from  the  upper  valley- 
gravels  of  the  Somme.  Almost  identical  specimens  had  been  ob- 
tained, from  what  were  apparently  valley-gravels,  near  Toulouse. 
On  the  other  hand,  the  implements  in  the  upper  layer  resembled 
those  of  Solutre,  Aurignac,  and  Kent's  Cavern,  and  possibly  repre- 
sented a  period  earlier  than  that  of  La  Madelaine.  Amongst  the 
specimens  were  some  of  great  interest  One  flake  was  worked  off  at 
the  end  in  a  diagonal  direction,  like  specimens  from  Kent's  Cavern. 
There  was  also  a  borer  like  those  from  La  Madelaine.  Some  of  the 
scrapers,  however,  might  be  taken  to  represent  any  period  in  the 
French  caves  subsequent  to  that  of  Le  Moustier,  while  one  "  side- 
scraper,"  or  "  chopper,"  was  much  like  those  from  Le  Moustier. 
The  paper  was  one  of  the  greatest  interest ;  and  he  hoped  that  it 
would  be  supplemented  by  further  reports  as  the  work  progressed. 

Prof.  Peb8twich  remarked  that  the  superposition  of  the  bed  con- 
taining the  more  perfectly  formed  implements  over  that  in  which  those 
less  highly  finished  were  found,  was  better  marked  in  this  cave  than 
in  any  other  in  this  country.  The  absence  of  the  coprolites  of  the 
Hyaena  in  this  as  in  the  Brixham  Cave  was  probably  due  to  their 
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being  acted  on  by  water,  daring  floods,  and  washed  away.  It  was 
not  to  be  assumed,  from  the  absence  of  any  traces  of  man  in  the 
lowermost  deposit,  that  he  did  not  exist  in  that  spot  at  this  period, 
as  he  would  hardly  be  likely  to  occupy  dens  along  with  the  Hyaena. 
Some  of  the  flint  implements  found  in  the  valley-gravels  were  of 
extreme  rudeness  as  compared  with  those  of  the  high-level  gravels, 
though  the  latter  were  the  older.  Fineness  of  finish  does  not  neces- 
sarily prove  more  modern  date,  as  is  exemplified  by  the  Shrub-Hill 
implements ;  but  much  would  depend  on  the  material,  and  he  had 
not  yet  seen  Mr.  Mello's  specimens. 

Mr.  Ethrridge  inquired  whether  the  absence  of  coprolitee  from 
these  dens  might  not  be  accounted  for  by  the  cleanly  habits  of  the 
animals.  The  Carnivora,  as  a  rule,  were  exceedingly  cleanly  in  this 
respect. 

Prof.  Hughes  suggested  that  the  difference  of  material  might  be 
explained  on  the  supposition  that  the  people  who  left  the  quartzite 
implements  had  lived  in  that  or  some  other  district  where  quartzite 
was  the  only  or  most  common  material ;  while  the  flint  was  brought 
by  a  tribe  who  came  from  a  district  where  flint  was  abundant.  The 
rougher  material  did  not  of  itself  prove  greater  antiquity.  Quartz 
and  quartzite  had  been  used  at  all  periods  from  that  of  the  laterite 
of  India  to  that  of  the  neolithic  graves  of  Britain,  and  even  later 
elsewhere.  So  also  he  had  found  grey  felstone  implements  in  Wales 
of  neolithic  as  well  as  of  palaeolithic  type ;  while  polished  weapons 
of  the  same  material  were  occasionally  found  in  the  fenlands  near 
Cambridge. 

Mr.  Howarth  stated  that  the  African  Hyaena  does  not  resort  to 
caves,  and  he  could  not  understand  why  the  extinct  Hyaena  should 
have  done  so.  The  remains  of  Hyaenas  had  been  found  in  caves  on 
the  banks  of  the  Lena  and  Obi  in  Siberia ;  and  this  led  him  to  think 
that  possibly  the  Hyaena  of  that  period,  owing  to  the  intensity  of 
cold,  was  in  the  habit  of  hibernating,  as  the  bears  of  cold  climates 
do  at  the  present  day.  The  African  Hyaenas  only  prey  on  sickly 
members  of  the  antelope  tribe ;  and  it  therefore  seemed  to  him  doubt- 
ful that  those  found  in  caves  would  have  preyed  on  such  large 
animals  as  the  Rhinoceros. 

The  President  inquired  at  what  distance  from  the  cave  flint  was 
obtainable,  and  also  where  quartzite  pebbles  could  be  found. 

Dr.  Mbrton  considered  that  the  development  of  man  was  more 
clearly  proved  by  the  progressive  improvements  in  the  manufacture 
of  his  implements  than  by  the  physical  formation  of  his  skull. 

Mr.  Binnbt  stated  that  quartzite  pebbles  could  be  obtained  within 
seven  or  eight  miles  of  the  spot,  whilst  flints  were  abundant  at  not 
more  than  about  forty  miles  distant. 

Mr.  Mello,  in  reply,  said  that  quartzite  pebbles  occurred  abun- 
dantly in  some  sands  near  the  caverns.  They  were  probably 
derived  originally  from  the  Bunter.  The  flints  might  have  been 
obtained  at  no  great  distance,  possibly  from  the  valley  of  the 
Trent;  for  some  specimens  were  weathered,  and  evidently  derived 
from  gravel ;  others,  howover,  were  probably  obtained  directly  from 
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the  Chalk.  He  could  not  account,  however,  for  the  implement 
fashioned  out  of  ironstone,  which  is  not  found  in  the  vicinity  of 
these  caves.  He  had  been  under  the  impression  that  coprolites 
were  of  frequent  occurrence  in  the  Hyaena-dene.  The  filling-in  of 
the  cavern  had  doubtless  been  accelerated  by  the  water  overflowing 
into  it  from  the  stream  now  flowing  at  the  base  of  the  Crags,  but 
which  at  that  period  ran  at  a  higher  level  There  were  slight 
traces  of  a  rearrangement  of  the  bones  such  as  would  be  effected 
by  water. 

Prof.  Boyd  Dawkins,  in  reply,  stated  that  he  had  no  intention 
of  generalizing  from  this  single  example;  but  it  was  worthy  of 
note  that  here,  as  in  M.  Mortiilet's  classification,  the  ruder  imple- 
ments were  older  than  the  more  highly  wrought  flint  flakes.  The 
Hyaena,  like  other  animals,  takes  refuge  in  whatever  place  will  best 
suit  him,  and  round  the  mouth  of  his  den  bones  and  ooprolites  ac- 
cumulate. The  absence  of  coprolites  in  this  cave  was  probably  due 
to  moisture  dripping  from  the  roof,  which  would  dissolve  and  wash 
them  away ;  the  caves  in  which  coprolites  are  found  were  probably 
dry.  The  evidence  of  the  cave-Hyaenas  having  preyed  on  large 
game,  such  as  the  Rhinoceros,  rests  on  the  fact  that  the  bones  of 
those  animals  found  in  the  caves  show  marks  indicating  that  they 
have  been  gnawed.  A  sick  or  wounded  animal,  even  though  of 
large  size,  would  easily  fall  a  prey  to  their  numbers.  The  occur- 
rence of  the  remains  of  Hyaenas  as  far  north  in  Siberia  as  the  banks 
of  the  Lena  and  Obi  was  an  important  fact  and  new  to  him.  It  in- 
dicated a  difference  of  climatol  conditions  in  that  country  of  a 
marked  oharaoter. 
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30.  On  the  Genus  Merycochcebus  (Family  Obbodoktid^),  with 
Descriptions  of  two  New  Species.  By  G.  T.  Bbitant,  Esq., 
B.A.,  B.Sc.,  Shuttleworth  Scholar,  Caius  College,  Cambridge. 
(Bead  February  2,  1876.) 

(Communicated  by  Prof.  Hughes,  F.G.S.) 

[Plates  XYI1.  k  XVm.] 

A  yaxuablb  series  of  mammalian  remains,  chiefly  consisting  of 
skulls  and  portions  of  skulls,  collected  by  Lord  Walsingham  in  the 
valley  of  John  Day's  river,  a  tributary  of  the  Columbia,  in  Upper 
Oregon,  in  the  winter  of  1871-72,  was  presented  by  him  to  the 
Woodwardian  Museum,  Cambridge.  Most  of  the  specimens  were 
obtained  from  near  the  head  of  a  small  stream  called  Bridge  Creek ; 
but  a  few  were  from  the  Great  Canon,  higher  up  on  John  Day's 
River,  nearly  opposite  Old  Camp  Watson.  Lord  Walsingham  se- 
cured indeed  a  rich  prize  in  the  portions  of  three  days  which  he 
devoted  to  a  search  for  these  remains. 

The  specimens  were,  fortunately,  for  the  most  part  brought  to 
England  in  masses  of  the  original  rock,  and  had  therefore  the  great 
advantage  of  Mr.  H.  Keeping's  care  and  skill  in  developing  them 
from  the  matrix.  His  labours  have  given  us  a  valuable  and,  I 
believe,  unique  series  of  specimens,  which  serve  to  extend  very 
largely  our  acquaintance  with  the  two  principal  genera  of  the  family 
OreodontidflB. 

A  summary  of  these  fossils  may  here  be  given : — 

1.  A  large  nearly  complete  skull,  with  lower  jaw  attached,  the 
zygomatic  arches  being,  however,  almost  destroyed  (Merycochosrus 
Letdyi,  n.  sp.). 

2.  The  greater  part  of  a  large  skull  preserving  very  completely 
one  zygomatic  arch  with  posterior  crest  (Merycochosrus  temporalis, 
u.sp.). 

3.  Another  skull  of  Merycochosrus  temporalis,  showing  the  part 
anterior  to  the  bifurcation  of  the  sagittal  crest. 

4.  Another  skull  of  Merycochosrus,  probably  M.  Leidyi,  wanting 
the  greater  part  of  the  face. 

5.  A  nearly  complete  skull  of  Oreodon  major. 

6.  The  greater  portions  of  two  skulls  of  Oreodon  Culbertsoni  (the 
Ant-described  species  of  the  family). 

7.  Half  of  the  frontal  region  of  a  Meryocochosrus  larger  than  any 
of  the  others. 

8.  Casts  of  the  brain  of  a  large  and  of  a  Bmall  species,  with  deter- 
minable parts  of  bone  attached. 

9.  Many  portions  of  skulls,  chiefly  parts  of  upper  and  lower  jaws 
with  teeth,  including  a  number  which  show  the  canine  and  incisor 
teeth. 

10.  Portions  of  limb-bones  and  a  number  of  vertebras. 
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Professor  Hughes  haying  kindly  permitted  me  to  examine  these 
remains,  I  now  present  an  account  of  Meryeocharus,  so  far  as  I  am 
at  present  able  to  give  one,  together  with  a  description  of  two  new 
species,  which  are  remarkable  additions  to  the  Tertiary  vertebrate 
fauna — hoping  at  some  future  time  to  furnish  a  more  complete 
account  of  the  family  and  its  relations  to  extinct  and  existing 
Ungulates. 

The  progress  of  our  knowledge  of  the  Oreodontidte  has  been  com- 
paratively slow,  extending  now  over  nearly  30  years.      Fossils 
belonging  to  this  family  were  first  obtained  from  the  Mauvaises 
Terres,  Nebraska ;  and  a  jaw  of  a  large  species,  supposed  to  be  a 
PalcBotherium,  was  described  in  1846  and  1847  by  Dr.  Prout,  in  the 
•  American  Journal  of  Science  and  Art.'    Gradually  other  specimens 
came  to  light,  and  were  described  by  Prof.  Leidy,  who  gives  the 
following  account  of  their  mode  of  occurrence.     "  The  deposits  of 
the  Mauvaises  Terres  are  remarkable  for  the  great  quantity  of  fossil 
remains  of  mammals  and  turtles  they  have  yielded  without  further 
exploration  than  picking  them  up  from  the  surface  of  the  country. 
Detached  from  the  neighbouring  soft  and  readily  disintegrating 
rocks,  the  fossils  lie  strewn  about,  and  have  often  attracted  the 
attention  of  the  least  curious  of  those  who  have  traversed  the 
district.    Many  of  the  loose  fossils  have  gradually  been  collected  by 
travellers  and  others.     Of  those  collected,  by  far  the  greater  part 
have  been  submitted  to  my  investigation ;  and  these  have  amounted 
to  the  enormous  quantity  of  between  three  and  four  tons  in  weight." 
Prof.  Leidy  collected  and  completed  his  earlier  descriptions  in  1852, 
when  he  published,  in  the  Smithsonian  Contributions,  "  The  Ancient 
Fauna  of  Nebraska,"  consisting  of  126  pages,  with  24  splendid 
plates.      In  succeeding  years  the  Mauvaises  Terres  were  further 
explored  by  Drs.  David  Dale  Owen,  John  Evans,  and  F.  V.  Hayden, 
who  brought  to  Philadelphia  large  collections  of  fossils.     Altogether 
Prof.  Leidy  supposed,  some  years  ago,  that  he  had  seen  entire  Bkulls 
or  portions  of  skulls  of  about  500  individual  Oreodonts,  a  very 
large  proportion  of  them  belonging  to  one  species,  Oreodon  Culbert- 
soni.     In  1869  the  results  of  his  twenty  years'  labour  were  pub- 
lished, forming  the  seventh  volume  of  the  second  series  of  the 
1  Journal  of  the  Academy  of  Natural  Sciences  of  Philadelphia,'  and 
"The  Extinct  Mammalian  Fauna  of  Dakota  and  Nebraska." 
rk  contains  472  pages  and  29  plates,  and  gives  a  synopsis  of 
re  mammalian  remains  of  North  America,  with  the  most 
9  references  and  the  author's  valuable  critical  opinions.     A 
able  portion  of  this  work  is  devoted  to  the  Oreodontidffi. 
>re  recently,  Prof.  Leidy's  *  Contributions  to  the  Extinct 
ate  Fauna  of  the  Western  Territories,'  published  in  1873, 
further  progress  in  reference  to  the  Oreodontid®,  especially 
hcerus,  which,  however,  is  still  described  only  from  incomplete 
ad  lower  jaws.     In  a  letter  to  myself,  dated  Oct.  26,  1875, 
*idy  says,  "  In  answer  to  your  question  about  Aferycochcertis, 
ve  seen  no  other  remains  than  those  described  in  my  two 
s  "  (those  already  referred  to). 
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The  following  is  given  as  a  brief  definition  of  the  family  Oreo- 
dontida? : — 

Hornless  Ungulates,  in  which  the  posterior  region  of  the  skull 
presents  a  strong  sagittal  crest  flanked  by  large  temporal  fossa?. 
Orbits  closed.  Zygomatic  arches  strong.  No  unossified  spaces  on 
the  aide  of  the  face.  Teeth  44,  a  complete  series.  Canines  large, 
the  lower  being  transformed  premolars.  Molars  of  typical  rumi- 
nant form. 

The  following  more  extended  definition  is  copied,  for  convenience 
of  reference,  from  the  "  Extinct  Mammalian  Fauna,"  p.  71. 

"  OREonoimDJS.  The  skull  has  somewhat  the  form  of  that  of  the 
peccaries ;  the  cranial  portion  especially  resembles  that  of  the  camel. 
It  is  hornless.  The  temporal  fossa?  are  large,  and  separated  by  a 
median  sagittal  crest  as  in  the  camel.  The  zygomatic  arches  are 
strong.  The  orbits  are  closed  behind  by  an  arch.  Large  and  com- 
paratively deep  fossa?  impress  the  lachrymal  bones  in  advance  of  the 
orbits.  No  unossified  spaces  occupy  any  part  of  the  face.  The 
auditory  capsules  are  variable  in  degree  of  development.  The  para- 
mastoids  are  long  and  strong.  The  lower  jaw  is  broad  and  deep 
posteriorly,  and  impressed  with  a  comparatively  deep  fossa  below 
the  lunar  notch.    The  teeth  in  both  jaws  form  nearly  unbroken 

arches.     The  formula  of  dentition  is  i.  j- j,  <?.  ~j,  pm.  535,  m.  535 

8  44 ;  well-developed  incisors  in  both  jaws,  the  fourth  of  the  lower 
jaw  being  a  transformed  canine,  as  in  ordinary  ruminants.  Canines 
well  developed  and  strong  in  both  jaws,  suiUine  in  their  resem- 
blance, those  of  the  lower  jaw  being  transformed  premolars.  The 
anterior  three  premolars  having  the  crown  in  the  form  of  a  demi- 
oone,  with  more  or  less  rudimental  elements  at  the  base  internally. 
The  fourth  upper  premolars  and  the  true  molars  of  both  jaws  con- 
structed after  the  ordinary  ruminant  type,  and  most  nearly  resem- 
bling in  form  those  of  the  Deer  family." 

This  description  may  be  supplemented  and  modified  by  observa- 
tion of  our  specimens  as  follows : — In  the  first  place,  the  general 
resemblance  to  the  skull  of  the  Peccary  is  very  much  less  strong  in 
the  larger  species  than  in  the  smaller.  The  temporal  fossa?  are  in 
some  very  large,  and  the  median  sagittal  crest  may  be  very  strong 
and  prominent.  The  only  breaks  in  the  series  of  teeth  are  those 
caused  by  the  protrusion  of  the  large  canine  teeth  in  each  jaw  into 
corresponding  intervals  in  the  series  of  teeth  in  the  other  jaw.  It 
is  better  to  amend  the  dental  formula  according  to  the  definition 
which  defines  the  canine  of  the  lower  jaw  as  the  tooth  which  bites 
in  front  of  the  first  tooth  in  the  superior  maxillary  bone;  the  first 
premolar  in  the  lower  jaw  of  Oreodontida?  will  then  be  called  a 
caniniform  premolar.  Thus  we  get  the  normal  dental  formula,  so 
frequently  met  with  in  early  Mammalia, 

.   8—8         1—1  4—4  8—8      AA 

*.  5=5'  c*  1=1'  'Pm'  i=4»  m-  i^**44- 
The  suiUine  resemblance  attributed  to  the  canines  should  be  omitted, 
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as  it  gives  rise  to  an  erroneous  conception  of  the  nature  and  appear- 
ance of  these  teeth. 

The  following  are  the  distinctive  characters  assigned  by  Prof. 
Leidy  to  the  genera  of  Oreodontidae  established  by  himself  ("  Con- 
tributions," pp.  201,  202). 

u  Oreodon :  Molar  teeth  with  short  crowns,  as  in  the  deer,  and,  as 
in  this,  at  maturity  inserted  by  fangs.  Anterior  premolars  straight, 
with  the  diameters  nearly  equal,  and  with  their  points  median  or 
nearly  so.  Face  gradually  convergent,  conical.  Infraorbital  arch 
narrow  or  of  moderate  depth,  gradually  declining  upon  the  side  of 
the  face.  Infraorbital  foramen  small  and  situated  above  the  third 
premolar.  Nasal  orifice  nearly  as  wide  as  high,  and  situated  imme- 
diately above  the  incisive  alveolar  border,  as  usual  in  most  animals. 
Premaxillaries  and  maxillaries  remaining  distinct  from  one  another. 
Incisive  foramina  of  moderate  size. 

"Merycochosrus :  Crowns  of  the  molars  proportionately  longer  than 
in  Oreodon,  and  protruding  gradually  as  they  were  worn  away,  the 
anterior  having  their  sculptured  triturating  surface  obliterated  before 
the  posterior  are  fully  protruded.  Anterior  premolars  with  the 
length  and  breadth  exceeding  the  width,  and  the  upper  ones  incli- 
ning posteriorly,  and  with  their  points  in  advance  of  the  middle. 
Facial  cone  abruptly  narrowed  in  advance  of  the  orbits.  Infra- 
orbital arches  deep  and  rapidly  declining  on  the  face.  Orbits 
smaller  and  more  externally  situated  than  in  Oreodon.  Infraorbital 
foramen  above  the  interval  of  the  first  and  second  molars.  Nasal 
orifice  situated  far  above  the  alveolar  border,  as  in  the  tapir,  and 
commencing  below  as  an  angular  notch  of  the  premaxillaries,  which 
are  firmly  coossified  together  and  with  the  maxillaries.  Incisive 
foramen  large. 

"Merychyus :  Teeth  as  in  Merycochosrus.  Facial  cone  intermediate 
in  character  to  the  latter  and  Oreodon.  Infraorbital  foramen 
situated  above  the  last  premolar,  or  in  a  position  intermediate  to 
that  of  Oreodon  and  Merycoehosrus" 

The  following  corrections  must  be  made  in  the  generic  characters 
of  Merycochosrus,  in  consequence  of  the  greater  perfection  of  our 
specimens: — 

1.  The  facial  narrowing  in  front  of  the  orbits  is  very  little  greater 
or  more  sudden  in  Merycochosrus  than  in  Oreodon,  although  it  is 
considerable. 

2.  The  orbits  are  not  relatively  smaller  than  in  Oreodon. 

he  infraorbital  foramen  relatively  to  the 
le.  In  our  specimens  it  is  above  the  3rd 
L  between  the  3rd  and  4th. 
:tends  far  above  the  alveolar  border,  and  ap- 
lly  open  from  the  apex  of  the  notch  between 
lalf  an  inch  above  their  continuous  alveolar 
projecting  spine  of  the  connate  nasals. 
;he  infraorbital  foramen  varies  in  different 
tchyus  may  very  well  bo  dropped,  as  it  is 
character.     The  teeth  and  portions  of  jaws 
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assigned  to  Merychyus  elegant  and  medius  (Extinct  Mammalian 
Fauna,  pp.  118-121)  appear  to  belong  to  Oreodon,  while  the  teeth 
figured  under  the  name  of  Merychyus  major  are  referable  on  equally 
good  grounds  to  Merycochosrus. 

In  the  third  of  his  great  works  above  referred  to  ('Contributions/ 
p.  201),  Prof.  Leidy  says  "Merychyus  would  appear  to  be  the  same 
as  Merycochcerus,  and  the  fossils  which  had  been  referred  to  it 
belong  to  the  same  geological  horizon." 

The  following  are  to  be  added  to  the  characters  of  Merycochcerus: — 

1.  The  side  of  the  face  is  very  nearly  oblong  (that  of  Oreodon 
being  a  triangle  truncated  in  front) ;  and  the  whole  upper  surface 
of  the  skull  slants  downward  much  less  from  behind  forward  than 
that  of  Oreodon. 

2.  The  temporal  fossa  is  much  wider  and  deeper  than  in  Oreodon. 

3.  The  outward  curvature  of  the  temporal  ridges  from  the  sagit- 
tal crest  is  much  more  gentle  and  prolonged  than  in  Oreodon. 

4.  The  whole  squamous  portion  of  the  temporal  bone  is  very 
large.  The  length,  breadth,  height,  and  outward  curvature  of  the 
zygoma  are  much  greater  than  in  Oreodon.  The  form  of  the  zygo- 
matic crest  differs  very  considerably,  being  greatly  extended  trans- 
versely, and  looking  principally  forwards  and  backwards,  while  its 
aspect  in  Oreodon  is  principally  inwards  and  outwards. 

6.  The  postglenoid  processes  are  large  and  transversely  extended. 

6.  The  suborbital  arch  is  unusually  deep  and  strong. 

7.  The  occipital  foramen  approaches  nearly  to  a  circular  shape  (it 
is  transversely  oval  in  Oreodon). 

8.  The  posterior  part  of  the  basicranial  axis  is  set  at  a  much 
greater  angle  with  the  longitudinal  axis  of  the  palate  than  in 
Oreodon ;  and  its  shape  is  that  of  a  continuous  curve  of  compara- 
tively small  radius.  In  M.  temporalis  the  posterior  extremity  of  the 
basioccipital  axis  descends  even  below  the  plane  of  the  palatal 
surface. 

9.  The  palate  extends  considerably  behind  the  last  molar  tooth, 
viz.  to  one  third  of  the  distance  between  the  latter  and  the  auditory 
bulla?.  In  Oreodon  the  palate  only  extends  to  about  the  level  of 
the  last  molar  tooth. 

I  now  proceed  to  a  detailed  description  of  this  remarkable  skull. 

The  skull  in  Merucochcerus  is  elongated,  high,  and  massive.  Its 
median  longitudinal  section  would  be  an  oblong  with  the  length 
between  three  and  four  times  as  great  as  the  height.  Viewed  from 
above,  a  high  and  strong  sagittal  crest  is  seen  proceeding  forwards 
from  a  small  transverse  occipital  crest.  The  sagittal  crest  is  flanked 
on  each  side  by  the  convex  wall  of  the  cranial  cavity,  by  a  wide 
temporal  fossa,  and  a  strongly  arched  zygoma,  reaching  out  much 
beyond  the  glenoid  cavity.  The  sagittal  crest  bifurcates  into  two 
gently  and  very  symmetrically  curved  temporal  ridges,  which  extend 
to  the  posterior  border  of  the  orbit  and  then  become  lost  on  the 
malar  bone.  The  frontal  surface  of  the  skull  is  of  considerable  size, 
and  very  nearly  lozenge-shaped,  the  posterior  angle  being  situated 
between  the  two  temporal  ridges,  the  lateral  angles  corresponding 
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with  the  posterior  border  of  the  orbit,  and  the  anterior  angle  being' 
undefined,  as  the  surface  is  continued  by  the  nasal  bones.  The 
frontal  surface  is  generally  somewhat  convex ;  but  it  is  slightly 
concave  behind,  in  the  angle  between  the  two  temporal  ridges,  and 
also  in  front  of  the  supraorbital  foramina,  which  are  about  three 
quarters  of  an  inch  distant  from  one  another,  on  a  level  rather 
behind  the  middle  of  the  orbit,  and  about  half  an  inch  in  front  of 
the  median  point  to  which  the  nasal  bones  converge.  From  each 
foramen  a  groove,  more  or  less  marked  in  different  species,  runs 
forward  and  is  gradually  lost  on  the  nasal  bones. 

The  upper  surface  of  the  face  is  elongated  and  comparatively  nar- 
row. It  is  constituted  entirely  by  the  nasal  bones,  which  do  not 
extend  downwards  on  the  side  of  the  face.  Each  nasal  bone  is 
slightly  convex  transversely;  and  the  two  together  form  a  very 
regular  convexity,  which  is  greater  or  less  in  different  species. 
Posteriorly  the  outer  margins  of  the  two  nasals  converge  gently  to 
a  point  in  the  middle  line.  Anteriorly  they  together  form  a  pro- 
jecting triangle,  which  is  thickened  below  at  the  apex ;  this  latter 
overhangs  the  nasal  aperture,  but  does  not  extend  quite  so  far 
forward  as  to  overhang  the  extremity  of  the  promaxilhe. 

The  upper  part  of  the  nasal  aperture  is  almost  square ;  but  infe- 
riorly  it  is  produced  to  an  angle  of  30°,  ending  in  a  rounded  form  as 
a  notch  between  the  diverging  premaxillary  bones,  which  are 
anchylosed  at  the  alveolar  border  and  for  about  half  an  inch  above 
it.  The  inner  margin  of  each  premaxilla  bounds  the  nasal  aperture 
entirely  in  rather  more  than  its  lower  half;  the  maxillary  bone 
bounds  it  at  its  widest  upper  part,  while  the  nasals  complete  the 
boundary  above. 

The  lateral  aspect  of  the  face  is  nearly  oblong,  and  almost  vertical ; 
and  its  height  is,  within  a  little,  equal  to  its  length.  The  posterior 
part  of  the  face  is  not  more  than  three  quarters  of  an  inch  higher 
than  the  anterior.  The  facial  surface  presents,  in  front  of  the 
orbits,  the  following  inequalities.  First,  the  lachrymal  fossae,  just 
in  front  of  the  middle  of  the  inner  boundary  of  the  orbit  This 
fossa  may  vary  from  comparative  shallowness  to  considerable  depth, 
and  from  a  rounded  to  a  nearly  conical  shape.  Secondly,  the  gently 
convex  continuation  of  the  lower  part  of  the  zygoma  on  to  the  face, 
graduating  above  into  the  lachrymal  fossa,  in  front  into  the  vertical 
and  flat  anterior  part  of  the  face,  and  below  into  the  depression 
above  the  premolar  teeth.  Thirdly,  the  latter  depression,  more 
marked  anteriorly  than  posteriorly,  and  containing:  just  below  the 
anterior  termination  of  the  zygomatic  ridge  the  infraorbital  fora- 
m,  a  vertically-placed  oval  opening  directed  forwards ;  its  position 
ies,  as  also  does  the  depth  of  the  fossa.  Fourthly,  a  rounded 
vexity  corresponding  to  the  fang  of  the  upper  canine  tooth, 
rming  the  extreme  external  part  of  the  front  of  the  face.  Be- 
reen  this  prominence  and  the  upper  vertical  part  of  the  side  face, 
i  oblique  groove,  which  probably  served  to  convey  a  nerve  to  the 
>per  lip,  passes  downwards  to  the  front  of  the  promaxilla. 
TT^*brtunately  I  have  to  describe  the  zygoma  and  its  posterior 
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crest  from  a  single  specimen  of  M.  temporalis,  where  it  is  almost 
perfectly  preserved  on  the  right  side.  I  have  thought  it  best  to 
describe  the  temporal  fossa  and  its  boundaries  folly  here,  instead  of 
leaving  it  for  the  subsequent  description  of  the  species. 

The  long  axis  of  the  temporal  fossa  is  directed  forwards  and  out- 
wards at  an  angle  of  about  40°  with  the  middle  line.  Its  extreme 
length  could  not  have  been  less  than  eight  inches  in  M.  temporalis ; 
but  this  cannot  be  exactly  determined,  because  the  upper  and  pos- 
terior boundary  is  almost  entirely  broken  off.  But  it  may  be  stated, 
to  give  some  idea  of  its  size,  that,  notwithstanding  the  high  develop- 
ment of  the  face  and  nasal  cavities,  the  temporal  fossa  is  larger  than 
the  face.  It  is  bounded  behind  by  the  transverse  occipital  crest, 
thus  extending  almost  to  the  extreme  posterior  limit  of  the  skull. 
This  boundary  was  continued  by  the  anterior  of  the  forks  into 
which  that  crest  divides,  running  outwards  and  somewhat  forwards. 
The  height  of  this  crest  cannot  be  determined ;  but  it  appears  pro- 
bable that  it  was  not  less  than  an  inch  high.  The  external  angle 
of  the  temporal  fossa,  situated  midway  on  its  lateral  aspect,  is 
occupied  by  the  great  posterior  transversely-placed  zygomatic  crest. 
The  crest  slopes  away  in  front  so  as  to  leave  no  external  boundary 
to  the  fossa.  Internally  the  fossa  was  bounded  by  the  high  sagittal 
crest,  which  appears  to  have  continued  at  the  same  level  as  the 
frontal  surface,  or  very  little  lower  than  it.  The  bifurcation  of  the 
sagittal  crest  forms  the  antero-internal  wall  of  the  fossa,  which  was 
in  front  limited  by  the  posterior  orbital  arch. 

The  whole  internal  surface  of  the  temporal  fossa  is  very  smooth, 
and  gently  and  beautifully  curved.  The  lateral  wall  of  the  cranium, 
which  may  be  said  to  constitute  the  internal  floor  of  the  fossa,  is 
convex,  and  is  formed  almost  equally  by  the  squamous  and  the 
parietal  bones.  Their  suture  is  along  the  line  of  the  most  marked 
prominence  of  the  convexity,  and  lies  midway  between  the  middle 
line  and  the  outer  boundary  of  the  fossa.  This  prominence,  together 
with  a  slighter  ridge  above  it  and  parallel  with  it,  constitutes  a 
rather  broad  shallow  groove.  I  would  suggest  that  this  ridge  marks 
the  limit  separating  the  upper  and  anterior  from  the  lower  and 
posterior  portion  of  the  origin  of  the  temporal  muscle.  Near  the 
posterior  termination  of  this  ridge,  which  is  on  the  parietal,  and 
between  it  and  the  squamous  suture,  is  a  large  foramen  which  Dr. 
Leidy  identifies  as  venous.  There  is  in  our  specimens  a  smaller 
foramen  just  behind  and  below  this. 

The  internal  lateral  boundary  and  floor  of  the  fossa  in  its  middle 
portion  presents,  from  above  downwards : — first,  a  considerable  con- 
cavity formed  by  the  nearly  vertical  rise  of  the  sagittal  ridge; 
secondly,  the  convexity  on  the  side  wall  of  the  cranium ;  and,  lastly, 
another  deep  but  gently  curved  concavity  directed  downwards,  for- 
wards, and  outwards  along  the  inside  of  the  posterior  and  external 
ridge,  which  extends  forwards  from  the  occipital  crest. 

The  extreme  depth  of  the  fossa  depends  on  the  height  of  the 
sagittal  ridge ;  but  it  was  at  any  rate  equal  to  two  thirds  of  the 
total  length  of  the  fossa. 
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Unfortunately  the  surface  of  the  postero-inferior  part  of  the  orbit 
and  the  suborbital  arch  are  broken  away  on  the  right  side  in  our 
specimens,  so  that  it  is  impossible  to  determine  how  the  very  deep 
suborbital  arch  graduated  into  the  much  less  deep  middle  portion  of 
the  zygoma.  Certainly  the  zygoma  projected  forward  and  was 
intercalated  between  the  prongs  of  a  fork  formed  by  the  processes 
of  the  malar.  The  two  prongs  of  the  fork  seem  gradually  to  have 
diminished  to  nothing,  while  the  zygoma  descended  to  the  same 
level  as  the  lower  margin  of  the  malar.  The  broken-off  anterior 
extremity  of  the  zygoma,  as  we  possess  it,  is  about  half  the  height  of 
the  suborbital  arch.  Its  external  surface  is  smooth  and  gently 
rounded.  Its  upper  surface  is  as  broad  as  its  external  is  high ;  in 
front  it  is  obliquely  directed  inwards ;  but  posteriorly  its  direction 
changes  until  it  is  quite  parallel  with  the  middle  line  of  the  skulL 
At  the  same  time  the  internal  height  of  the  zygoma  becomes  very 
much  less  than  the  external,  and  ultimately  thins  away  to  a  sharp 
edge. 

The  upper  surface  of  the  zygoma  in  passing  backwards  now 
becomes  very  much  wider.  Its  inner  edge  curves  round  until  it 
passes  transversely  inwards  to  join  with  the  lateral  wall  of  the 
cranium  at  about  its  anterior  third ;  while  its  external  border  rises 
in  a  concave  curve,  passing  inwards  at  the  same  time,  till  it  has 
reached  a  height  of  2|  inches  above  its  origin,  and  of  3£  inches 
above  the  lowest  part  of  the  zygoma. 

This  crest  and  arch  differ  from  those  of  Oreodon  in  their  much 
greater  proportional  size  and  in  their  form.  In  Oreodon  the 
zygoma  continues  the  direction  of  the  infraorbital  arch,  or  even 
curves  inwards  to  the  cranial  wall.  In  Merycochoerus  it  diverges 
considerably  further  from  the  middle  line  than  the  infraorbital  arch. 
In  Oreodon  the  crest  on  the  hinder  part  of  the  zygoma  is  very  little 
higher  than  the  rest  of  the  arch ;  it  is  almost  constituted  by  the 
arch  thinning  in  a  vertical  direction  behind ;  and  its  concave  surface, 
of  no  great  extent,  looks  mainly  inwards,  only  slightly  forwards.  In 
Merycochoerus  the  crest  is  much  higher  than  the  rest  of  the  zygoma, 
and,  far  from  being  constituted  by  the  compression  of  the  latter,  it 
is  set  at  right  angles  with  its  anterior  part ;  and  its  large  concave 
surface  looks  directly  forwards.  Its  concave  area  is  about  six 
square  inches ;  in  a  good-sized  Oreodon  it  is  only  about  one  square 
inch. 

The  nosterior  aspect  of  the  skull  presents,  in  the  middle  line 
5  nearly  vertical  and  circular  occipital  foramen,  flanked  by 
o-posteriorly  compressed  occipital  condyles.  The  upper 
rior  of  the  two  surfaces  produced  by  the  compression  of 
Le,  is  separated  from  the  lower  and  anterior  by  a  blunt 
be  former  is  convex  and  oval,  with  an  acute  termination 
'he  condyles  are  considerably  separated  from  one  another ; 
appears  to  have  been  .an  emargination  of  the  basioccipital 
Idle  line. 

teral  margins  of  the  foramen  are  continued  above  into 
jes,  which  soon  join  and  then  bifurcate  to  form  strong 
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sharp  projecting  ridges  which  extend  upwards  to  the  transverse 
occipital  crest,  enclosing  between  them  a  fossa  of  moderate  size  and 
varying  depth.  Outside  these  ridges,  on  each  side,  is  a  much  larger 
and  deeper  fossa,  bounded  above  by  the  lateral  occipital  crest  pro- 
ceeding obliquely  downwards  and  forwards  to  the  zygoma,  below  by 
the  occipital  condyle  of  either  side,  and  externally  by  the  large 
blunt  convex  .postauditory  process.  Below  this  is  the  large  par- 
occipital  process,  which  is  triangular  at  the  base,  and  extends  down- 
wards and  somewhat  inwards  for  an  indeterminate  distance  closely 
behind  and  externally  to  the  auditory  bulla.  The  smallest  length 
that  can  be  allowed  for  the  paroccipital  process,  consistently  with  the 
size  of  its  basal  part  and  its  length  in  Oreodon,  is  an  inch  and  a  half. 
The  external  auditory  meatus  looks  upwards  and  outwards  in  the 
angle  between  the  posterior  zygomatic  root  and  the  postauditory 
process. 

The  hinder  parts  of  the  zygomatic  arch,  the  postglenoid  processes, 
the  auditory  bullae,  and  paroccipital  processes  are  important  features 
in  the  widely  extended  posterior  part  of  the  under  surface  of  the 
skull.  The  under  surface  of  the  basioccipital  is  convex,  with  a 
strong  median  longitudinal  ridge  expanding  into  a  blunt  eminence 
of  considerable  size,  which  is  gradually  lost  anteriorly  on  the  basi- 
sphenoid.  The  latter  bone,  as  well  as  the  presphenoid,  is  smooth, 
nearly  flat,  and  narrow.  The  base  of  the  cranium  forms  a  very 
regular  curve,  extending  very  much  upwards  and  forwards. 

The  auditory  bullae,  in  the  two  specimens  in  which  they  have 
been  perfectly  preserved,  arise  just  in  front  of  the  foramina  lacera 
posteriora  internally,  and  of  the  paroccipital  processes  externally. 
Their  hinder  limit  extends  slightly  behind  a  line  joining  the  poste- 
rior surfaces  of  the  postglenoid  processes.  The  bullae  are  large  and 
somewhat  nipple-shaped  and  compressed,  their  long  axis  making  an 
angle  of  about  10°  with  the  median  line  of  the  skull.  The  external 
surface  is  more  irregular  than  the  internal,  which  may  be  perfectly 
smooth.  The  large  foramina  lacera  media  are  situated  at  the  inner 
anterior  side  of  the  base  of  the  bullae,  and  are  elongated  parallel 
with  the  bullae,  so  as  to  terminate  acutely  behind.  Each  foramen 
is  divided  by  a  process  projecting  from  the  anterior  boundary  into  a 
smaller  anterior  and  a  larger  posterior  region. 

The  glenoid  articular  surface,  with  its  postglenoid  process,  is 
situated  externally  to  the  auditory  bulla,  separated  from  it  and  the 
paroccipital  process  by  a  deep  sigmoid  fossa.  The  fore  part  of  the 
articular  surface  is  nearly  horizontally  situated.  It  is  slightly 
convex  antero-posteriorly,  shelving  away  in  front  and  laterally, 
where  it  is  continuous  with  the  under  surface  of  the  zygoma.  A 
posterior  vertically  descending  portion  is  contributed  to  the  glenoid 
surface  by  the  anterior  flat  smooth  surface  of  the  very  large  post- 
glenoid process.  This  latter  is  transversely  extended,  somewhat 
compressed  antero-posteriorly,  and  strongly  convex  behind.  It  pro- 
jects less  deeply  than  the  auditory  bulla  by  a  quarter  or  three 
eighths  of  an  inch. 

The  under  surface  of  the  zygoma  extends  far  outward  beyond  the 
a  J.  G.  8.  No.  127.  V 
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glenoid  surface.  Its  breadth  is  about  equal  to  the  distance  between 
the  middle  line  and  the  outer  edge  of  the  glenoid  surface.  Between 
the  postglenoid  tubercle  and  the  outer  margin  of  the  zygoma  the 
latter  forms  a  wide  concavity  ;  for  the  lower  edge  of  the  zygoma  at 
its  most  prominent  part  descends  to  as  low  a  level  as  the  apex  of  the 
auditory  bulla.  The  surface  is  smooth.  The  lower  fork  of  the 
malar  extends  backwards,  beneath  and  internally  to  the  zygoma, 
lying  on  it,  but  not  anchylosed  with  it,  as  far  as  the  region  of  the 
great  transverse  crest.  It  ends  in  a  thin  flat  rounded  lamina.  The 
posterior  surface  of  the  crest  is  smooth  and  slightly  concave  below. 

The  palate  is  broad  and  arched,  and  only  widens  slightly  between 
the  molar  teeth.  There  is  an  anterior  major  concavity  between  the 
premolars  and  the  first  two  molars  of  each  side,  and  a  posterior 
smaller  concavity  behind  the  level  of  the  last  molars.  The  palate 
is  continued  behind  the  alveolar  processes  for  about  one  third  of  the 
distance  between  them  and  the  auditory  bullae;  its  width  di- 
minishes to  about  half  that  of  the  anterior  portion ;  and  there  is  a 
deep  notch  on  each  side  between  this  posterior  portion  of  the  palate 
and  the  alveolar  processes.  The  palatal  surface  ends  by  a  posterior 
edge  which  possesses  a  median  prominence  and  two  lateral  shallow 
concavities,  which  pass  on  each  side  into  the  vertical  pterygoid  plates. 
The  latter  extend,  at  about  the  same  level  as  the  palate,  nearly  back 
to  the  auditory  bullae,  and  consequently  enclose  a  large  and  deep 
median  fossa  behind  the  palate.  I  am  not  able  to  describe  the  ptery- 
goid fossae ;  they  were  certainly  comparatively  small. 

The  teeth  do  not  need  much  remark,  since  Leidy  has  described 
the  teeth  of  Oreodon  so  elaborately  in  the  '  Extinct  Mammalian 
Fauna  of  Dakota  and  Nebraska,'  and  those  of  Mcrycochatrus  do 
not  differ  from  them  in  many  points  except  those  mentioned  in  the 
generic  definition  given  above.  One  of  the  most  conspicuous  cha- 
racters appears  to  be  the  more  rapid  increase  of  the  molars  in  size 
from  before  backwards,  and  the  increased  strength  of  the  external 
columns  of  the  upper  molars. 

The  lower  jaw  exhibits  a  considerably  greater  size  and  prominence 
of  the  lower  posterior  rounded  angle  than  in  Oreodon.  The  con- 
dyles are  very  narrow,  and  are  transversely  elongated.  The  as- 
cending rami  are  vertical,  and  consequently  parallel  to  one  another. 
Their  external  surfaces  are  concave  posteriorly  and  convex  ante- 
riorly, the  convexity  being  lost  on  the  horizontal  rami.  The  as- 
cending rami  are  most  remarkable  for  their  breadth,  though  their 
height  is  considerable.  The  horizontal  rami  are  not  very  deep; 
they  are  vertical,  but  have  a  strong  convexity  externally,  proceeding 
from  behind  and  above  obliquely  downwards  and  forwards  to  the 
lower  extremity  of  the  ramus.  The  mental  foramen  is  large,  oval, 
and  directed  obliquely  forwards ;  it  is  placed  just  below  the  third 
premolar  (the  caniniform  tooth  being  reckoned  as  the  first).  The 
anterior  symphysial  surface  of  the  jaw  is  broad,  in  correspondence 
with  the  breadth  of  the  row  of  incisor  teeth  with  the  caniniform 
premolar.  It  is  twice  as  broad  above  as  below,  and  is  regularly 
convex  from  side  to  side.     From  its  lower  extremity  it  ascends  at 
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an  angle  of  40°  with  the  horizontal.  The  two  halves  of  tho  man- 
dible do  not  appear  to  have  become  anchylosed  at  any  period.  They 
are  separated  at  the  symphysis  by  an  eighth  to  a  quarter  of  an  inch 
in  our  specimens ;  and  the  opposed  surfaces  are  very  simply  denticu- 
lated. The  posterior  and  inferior  margins  of  the  mandible  are 
rounded  and  thickened,  but  are  less  thick  at  the  angle.  The  lower 
margins  of  the  horizontal  rami  very  gradually  approach  each  other, 
and  meet  anteriorly  by  forming  a  small  semicircular  curve  at  the 
symphysis.  Nothing  can  be  said  about  the  coronoid  process  or  the 
inner  surfaces  of  the  rami,  because  the  space  between  them  in  our 
Jf.  Leidyi  is  filled  up  by  peculiarly  hard  matrix. 

Since  the  species  of  Merycochcerus  founded  by  Prof.  Leidy  are 
chiefly  based  on  their  teeth  with  portions  of  jaws,  and  I  am  not  able 
to  determine  their  identity  or  non-identity  with  those  in  the  Wood- 
wardian  Museum,  I  think  it  better  to  describe  the  two  principal 
forms  which  I  have  determined  as  new  species,  especially  as  they 
are  distinguished  on  grounds  independent  of  the  teeth. 

MSRTCOCHCBBUS  TEMPORALIS,  n.  8p.      PI.  XVII. 

This  species  is  founded  mainly  upon  two  specimens,  numbered 
2  and  3  in  the  list  given  above.  The  first  of  these  is  of  unique 
interest.  Anteriorly  it  is  vertically  truncated  in  the  region  of  the 
third  premolar.  The  frontal  surface  and  the  lateral  walls  of  the 
skull  are  entire.  On  the  right  side  the  margins  of  the  orbit  are 
much  injured,  and  the  infraorbital  arch  is  almost  entirely  lost ;  but 
the  great  zygomatic  crest  behind  this  is  complete.  Unfortunately 
the  ridge  leading  from  the  posterior  part  of  the  zygoma  to  the  trans- 
verse occipital  crest  is  broken  off,  as  is  almost  all  the  sagittal  crest. 
On  the  left  side  the  orbit  with  its  infraorbital  arch  is  almost  perfect, 
but  the  zygomatic  crest  is  deficient.  Posteriorly  the  lateral  occipital 
fossae  are  plain,  but  they  lack  the  bounding  projecting  ridges ;  the 
condyles  are  broken  off.  On  the  under  surface  of  the  skull  the  sur- 
faces of  the  basioccipital  and  basisphenoid  are  almost  perfect ;  the 
auditory  bulla,  the  glenoid  surfaces,  and  the  postglenoid  processes 
are  in  excellent  preservation  ;  and  the  palate,  so  far  as  the  anterior 
truncation,  is  complete.  The  teeth,  however,  aro  broken  off,  not 
simply  worn  down. 

The  other  specimen  is  more  complete  anteriorly,  and  includes 
considerable  portions  of  the  canines  and  the  nasals  up  to  their  ante- 
rior terminations.  The  sides  of  the  face  are  more  or  less  damaged ; 
but  the  orbits  can  be  pretty  well  defined,  and  the  suborbital  arches 
are  entire,  with  a  little  piece  of  the  zygoma  on  the  right  side.  The 
greater  part  of  the  frontal  surface  is  present ;  but  nearly  the  whole 
skull  behind  the  posterior  boundary  of  the  orbits  is  broken  off. 
Below,  the  palate  is  in  a  very  imperfect  condition ;  the  outlines 
of  a  number  of  teeth  are  seen  broken  off  down  to  the  level  of 
the  palate. 

The  chief  characteristics  of  M.  temporalis  are  the  following : — 

1.  The  lachrymal  pits  are  wide  and  shallow. 

2.  The  infraorbital  arch  is  directed  somewhat  obliquely  outwards 
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and  downwards;  its  surface  is  remarkably  even,  unmarked  by 
farrows  or  prominences. 

3.  A  plane  lying  on  the  orbit  is  directed  more  obliquely  down- 
ward and  forward  than  the  infraorbital  arch.  Thus  the  eye  would 
look  considerably  forwards  and  upwards  as  well  as  outwards.  The 
orbit  is  larger  and  more  oval  than  in  M.  Leidyi. 

4.  The  very  great  outward  extension  of  the  zygomatic  arch. 

5.  The  great  size  of  the  posterior  zygomatic  crest  and  of  the  tem- 
poral fossa,  whose  long  axis  makes  between  10°  and  15°  greater 
angle  with  the  middle  line  than  in  the  following  species. 

6.  The  greater  breadth  and  size  of  the  postglenoid  process. 

Mertcochcebxjs  LEinrc,  n.  sp.     PI.  XYIII. 

I  desire  to  connect  this  species  with  the  name  of  Prof.  Leidy, 
whose  magnificent  works  have  done  so  much  for  our  knowledge  of 
the  palaeontology  of  North  America. 

It  is  founded  on  a  large  skull,  which  is  nearly  complete,  lacking 
unfortunately  the  posterior  part  of  the  zygoma  with  its  crest  on 
both  sides,  and  also  the  orbit  and  the  suborbital  arch  on  the  left 
side.  The  face,  however,  is  almost  perfect,  the  fore  part  of  the 
nasals  only  being  injured.  The  mandible  is  firmly  united  by  the 
matrix  to  the  skull  almost  in  situ,  but  a  little  laterally  displaced 
behind.  The  front  teeth  are  a  good  deal  broken ;  the  lateral  view 
of  the  teeth  of  the  upper  jaw  is  very  good,  especially  on  the  left 
side ;  the  lower  premolars  are  also  partially  visible.  The  occipital 
crest  is  injured  behind.  The  comparatively  small  portion  of  the 
base  of  the  skull  that  exists  behind  the  glenoid  articulation  is  well 
exposed;  but  the  auditory  bullae  and  paroccipital  processes  are 
almost  entirely  destroyed.  The  occipital  condyles  are  very  per- 
fectly preserved. 

The  characteristics  of  M.  Leidyi  are  as  follows,  in  contrast  to 
those  of  M.  temporalis  given  above  : — 

1.  The  lachrymal  pits  are  conical  at  the  bottom  and  of  consider- 
able depth ;  there  is  a  moderate-sized  lachrymal  tubercle  on  the 
margin  of  the  orbit. 

2.  The  infraorbital  arch,  of  somewhat  greater  depth  than  that  of 
M.  temporalis,  is  almost  vertically  situated.     Instead  of  being  flat, 

— J-  first,  the  raised  rim  of  the  orbit ; 
>und  from  the  fore  part  of  the 
\  od  the  lower  fork  of  the  malar, 
inence  of  the  anterior  part  of 
it  fits  into  the  malar;  and, 
process  of  the  maxillary  bone, 
s  on  the  side  of  the  face,  and 

lore  vertically  placed  than  in 
e  directly  outward ;  it  is  nearly 

how  far  the  zygomatic  arches 
direction  of  the  parts  existing, 
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especially  of  the  inferior  fork  of  the  malar,  it  would  appear  that 
they  could  not  have  extended  outwards  so  far  as  in  M.  temporalis. 

5.  The  smaller  size  of  the  temporal  fossae,  and  the  more  acute 
angle  (hy  about  10°)  which  its  long  axis  makes  with  the  middle 
line  of  the  skull.  The  cranium  itself  is  considerably  smaller  in  pro- 
portion to  the  size  of  the  skull  than  in  M.  temporalis, 

6.  The  postglenoid  processes  are  much  less  broad  and  propor- 
tionally deeper. 

The  relative  position  of  the  auditory  bullae,  postglenoid  processes, 
and  occipital  condyles  differs  in  the  two  species.  A  line  drawn 
through  the  postglenoid  and  paroccipital  processes  to  the  middle 
posterior  point  of  the  basioccipital  in  M.  temporalis  makes  an  angle 
of  about  60°  with  the  median  line ;  the  same  angle  is  only  about 
45°  in  M.  Lcidyi.  The  absolute  distance  is  greater  in  the  latter ; 
and  the  postglenoid  processes,  instead  of  being  opposite  the  middle 
of  the  auditory  bulla,  are  situated  opposite  its  anterior  extremity. 

The  following  are  the  dimensions  of  M.  temporalis  : — 

inches. 

Probable  extreme  length  of  skull 14 

Length  of  the  larger  portion  in  the  Woodwardian 

Museum 9| 

Length  of  the  small  portion 7| 

Half  width  across  frontal  surface 2f 

Distance  from  median  line  to  external  limit  of  zygo- 
matic arch 5 

Greatest  width  of  brain-case 3| 

"Width  of  palate  within  teeth 3 

Breadth  between  outer  surfaces  of  postglenoid  pro- 
cesses    5£ 

Depth  of  auditory  bulla  behind l| 

Depth  of  auditory  bulla  in  front   l| 

Height  of  zygomatic  crest 3| 

Depth  of  skull  in  middle ^ 4 

Probable  depth  at  posterior  extremity 5 

Longest  diameter  of  orbit 2 

Depth  of  infraorbital  arch 11 

Width  of  face  just  in  front  of  orbit 2$ 

Height  of  face  in  front 3| 

Length  of  last  molar  tooth If 

Dimensions  of  M.  Leidyi : — 

Total  length  of  skull  (possibly  the  actual  length  was 

\  inch  greater  when  uninjured)    12| 

Half  width  across  frontal  surface 2£ 

Greatest  width  from  middle  line  to  exterior  of  zygoma, 

so  far  as  existing    31 

Greatest  width  of  brain-case 2-J 

Width  between  external  surfaces  of  postglenoid  pro- 
cesses   , 4£ 
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inches. 

Long  diameter  of  orbit 1£ 

Depth  of  infraorbital  arch l-j^ 

Width  of  face  2£  inches  in  front  of  orbit 2X 

Height  of  face  anteriorly 3$ 

Length  of  last  molar  tooth     l| 

Extreme  length  of  lower  jaw 10 

Appendix  on  the  Geological  Position  of  the  Oreodontidoi. 

It  has  been  thought  desirable  to  add  to  the  foregoing  paper  a 
view  of  the  species  of  Oreodontidao  already  established,  the  loca- 
lities from  which  they  have  been  obtained,  and  the  age  of  the 
deposits;  so  far  as  they  have  been  determined.  There  can  be  little 
doubt  that  the  number  of  species  is  less  than  is  here  indicated ;  but 
it  would  be  futile  at  present  to  attempt  such  a  revision  as  is  required. 
For  similar  reasons  the  name  Merychyus  is  retained  for  the  species 
characterized  by  Prof.  Leidy. 

Oreodon  affinis?,  Leidy.  Bed  A,  MauYaises  Torres,  White  R.,  Dakota.  Miocene. 

hybridus  ?,  Leidy.  „  „  „ 

bullatus  ?,  Leidy.  „  „  „ 

Culbertaoni,  Leidy.    Beds  B,  C,  and  D,  Mauraises  Terres,  White  R, 

Dakota.    Miocene. 
Culbertsoni,  Cope.     North  Colorado,  equiyalent  to  White-riyer  beds. 

Miocene. 

Oulbertsoni,  nobis.    Bridge  Creek,  John  Day's  R.,  Oregon.    Miocene. 

gracilis,  Leidy.    Beds  B,  C,  and  D,  White  R.,  Dakota.    Miocene. 

— i —  gracilis,  Cope.    North  Colorado.    Miocene. 

—  major,  Leidy.    Bed  D,  White  R.,  Dakota.     Miocene. 

—  major,  nobis.    John  Days  R.,  Oregon.    Miocene. 

superbus,  Leidy.  „  „  „ 

occidentals  ?,  marsh.       „  „  „ 

Merycochcerus  proprius,  Leidy.    Bed  D,  Niobrara  R.,  Nebraska.    Miocene. 

temporalis,  nobis.    John  Day's  R.,  Oregon.    Miocene. 

Leidyi,  nobis.  „ 

rusticus,  Leidy.    Sweetwater  R.,  Wyoming.    Pliocene. 

Merychyus  elegans,  Cope.    North  Colorado.    Miocene. 

elegans,  Leidy.    Niobrara  R.,  Nebraska.    Pliocene. 

meoius,  Leidy.  „  „  „ 

major,  Cope.    North  Colorado.    Miocene. 

major,  Leidy.    Niobrara  R.,  Nebraska.    Pliocene. 

The  John-Day's-lliver  deposits  are  indicated  as  Miocene  in  accord- 
ance with  Prof.  Lcidy's  conclusion  that  the  zoological  character  and 
state  of  preservation  of  the  fossils  renders  it  probable  that  the  for- 
mation to  which  they  belong  is  of  contemporaneous  age  with  those 
of  the  White  River,  Nebraska.  With  regard  to  the  first-named 
species  in  the  list,  Prof.  Leidy  says  that  certain  facts  "  indicate 
Oreodon  affinis,  hybridus,  and  bullatus  to  be  species  which  preceded 
the  others  in  time,  and  were  perhaps  their  ancestors,  from  one  or 
another  of  which  they  may  have  been  derived."  A  further  state- 
ment of  interest,  borue  out  by  the  above  Table,  is  that  "Meryco- 
chcerus proprius  appears  not  to  have  inhabited  the  same  locality  with 
the  Oreodons,  at  least  contemporaneously." 
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EXPLANATION  OF  THE  PLATES. 

Platb  XVIL 

Merycochcmu  temporalis,  half  natural  size.    All  the  views  are  from  the 
same  specimen. 

Pig.  1.  Upper  view  of  skull. 

2.  Skull  seen  from  behind. 

3.  View  of  right  side ;  orbital  region  partly  restored  from  the 

left  side. 

4.  Posterior  basicranial  region. 

(a*.b,  auditory  bulla ;  pot  paroocipital  process ;  p.glt  postglenoid  process.) 

Plate  XVTEL 

Merycochoerus  Leidyi,  two  thirds  natural  size. 

Fig.  1.  Bight  side  of  skull,  somewhat  completed  from  the  left  side. 
2.  Front  view  of  face  of  same  specimen. 

(oc.c,  occipital  condyle ;  po,  paroocipital  process ;  pglt  postglenoid  process.) 


Discussion. 

Prof.  Duncan  remarked  that  these  late  American  forms  seem  to 
be  very  variable.  Notwithstanding  its  name,  the  affinities  of  this 
genus  to  the  Pigs  was  but  small.  The  teeth  appeared  to  be  very 
variable ;  and  this  tendency  to  variation  would  seem  to  indicate  a 
near  passing- away  of  this  type. 
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31.  On  the  T&lajkic  Strata  which  are  exposed  in  the  Cltff-sectiohs 
near  Sidmouth,  and  a  Note  on  the  occuehence  of  an  Obsxfbroto 
Zone  containing  Bones  of  a  Labtbikthoook.  By  H.  J.  Johkbtoh- 
Lavib,  Esq.,  F.G.S.     (Eead  March  22,  1876.) 

Li  describing  the  locality  and  geological  position  of  the  vertebrate 
fossils  which  were  obtained  from  the  Triassic  rocks  near  Sidmouth, 
perhaps  it  would  be  as  well  to  commence  with  a  description  of  the 
coast-sections  for  a  short  distance  east  and  west  of  that  town. 

Starting  from  the  east,  we  find  that  the  Marl*  (which  is  the  upper- 
most subdivision  of  the  Trias  of  South  Devon)  makes  its  appearance  at 
Branscomb  Mouth,  exposed  beneath  the  Greensand  and  Chalk  in  the 
cliff-sections,  and  in  the  ramifying  valley  cut  through  by  the  small 
stream  which  runs  out  to  sea  at  this  point  It  now  forms  the  lower 
portion  of  the  cliff  under  Littlecomb  Hill  and  Branscomb  Hill,  being 
overlain  by  the  Greensand  and  Chalk  until  it  is  exposed  inland  at 
Weston  Mouth  by  the  action  of  the  little  stream  called  Weston 
Water,  which  runs  out  here. 

It  again  forms  the  base  of  the  cliff  under  Dunscomb  Hill,  being 
still  overlain  by  the  Greensand  and  a  small  patch  of  Chalk ;  again  it 
is  exposed  and  partly  excavated  by  the  little  brook  at  Salcomb 
Mouth ;  thence  it  forms  the  base  of  the  cliff  under  Salcomb  Hill, 
being  now  capped  by  the  Greensand  alone ;  it  is  then  largely  exposed 
on  the  surface  in  the  valley  of  the  river  Sid. 

A  few  yards  east  of  where  the  Sid  runs  into  the  sea,  the  Upper  Sand- 
stone (of  Mr.  Ussher)  crops  out,  forming  a  cliff  overhanging  the  Sid,  and 
constituting  the  bed  of  the  stream  for  half  a  mile  from  its  mouth,  and 
also  the  whole  valley  except  where  covered  by  gravel,  which  Mr. 
Ussher  tells  me  is  in  some  places  15  feet  thick,  containing  a  bed  of 
peat  about  a  foot  in  thickness.  The  gravel  is  chiefly  composed  of 
chert,  and  contains  teeth  of  Elephant,  numerous  specimens  of  which 
have  been  found  by  Mr.  P.  0.  Hutchinson  and  others. 

To  the  west  of  Sidmouth,  at  the  end  of  the  Parade,  we  meet  with 
a  low  projecting  cliff,  called  Chit  Bock.  Mr.  Ussher,  who  has  sur- 
veyed this  district,  tells  me  he  has  met  with  no  evidence  of  a  fault 
having  existed  in  the  valley ;  and  therefore  we  may  conclude  that  it 
is  the  continuation  of  the  small  exposure  of  sandstone  which  is  seen 
to  exist  east  of  the  river,  as  in  section,  fig.  1  (p.  276).  At  the  western 
end  of  the  Chit  Bock  we  find  a  fault  which  has  given  the  Chit  Bock  an 
upthrow  of  at  least  40  feet ;  but  it  is  very  possible  it  may  be  as  much 
as  80  feet,  since  it  has  no  marl  capping  it,  and  in  its  lithological 
character  resembles  the  middle  of  the  Upper  Sandstone.  We  see,  on 
the  western  side  of  the  fault,  the  Marl  brought  down  within  a  short 
distance  of  the  beach,  there  being  a  small  mass  of  Sandstone  exposed 
beneath  it  All  the  Triassic  beds  from  Branscomb  up  to  the  present 
place  dip  gently  to  the  east ;  but  now  we  find  them  dipping  to  the 
west ;  this  only  takes  place  for  the  distance  of  about  half  a  mile ; 

*  See  Uasher, '  Geological  Magazine,'  Decade  II.  voL  ii.  No.  4,  April  1875. 


Digitized  by  VjOOQ IC 


TRIAS8IC  STRATA  HBAB  SIDMOUTH.  275 

for  the  Sandstone  which  had  disappeared,  soon  makes  its  appearance 
again,  having  formed  a  synclinal  carve.  During  the  whole  of  this 
distance  it  has  been  covered  by  the  marl,  which,  as  it  advances 
westward  becomes  thicker,  being  less  denuded ;  it  has  cappingB  of 
Greensand  and  chalk-gravel  at  Peake  Hill  and  High  Peake.  The 
Sandstone  continues  to  rise  gradually  to  the  westward ;  but  the  Marl 
and  overlying  Greensand  have  been  cut  down  by  atmospheric  denu- 
dation, forming  Windy  Gap,  which  separates  High  Peake  and  Peake 
Hill — High  Peake  being  the  higher  of  the  two,  but  resembling  Peake 
in  every  other  respect.  The  Sandstone  gradually  rises  until,  at  a 
short  distance  to  the  west  of  High  Peake,  the  Marl  has  been 
entirely  denuded  (save  in  a  few  places  where  through  faulting  it 
has  been  brought  to  a  lower  level)  and  it  appears  on  the  surface. 

The  upper  marls  are  variegated,  and  especially  in  the  higher  part, 
east  of  Sidmouth,  contain  very  thin  layers  of  a  greenish-grey  sand 
mixed  with  a  large  quantity  of  mica,  intercalated  with  layers  of  marl, 
varying  in  thickness  up  to  two  inches,  but  of  the  same  light  colour ; 
they  show  ripple-marks,  and  occasionally  contain  pseudomorphs  of 
rock-salt. 

The  marls  between  Weston  and  Branscomb  Mouths  contain  a  large 
quantity  of  gypsum,  which  at  one  time  was  worked  at  Branscomb 
Month.  A  few  small  veins  are  to  be  seen  between  Salcomb  and 
Weston  Mouths.  The  marls  also  contain  bands  of  potato-stones 
enclosing  a  cavity  lined  with  calcite.  Mr.  H.  B.  Woodward  objects 
to  my  giving  them  the  name  of  potato-stones,  as  they  do  not  con- 
tain quartz  crystals. 

The  Sandstone,  especially  at  its  upper  part,  where  it  resembles 
very  much  in  lithological  characters  the  upper  beds  of  marl,  contains 
a  large  number  of  pseudomorphs  of  rock  salt,  ripple-marks,  and 
sun-cracks ;  but  in  no  case  have  I  met  with  rain-marks,  which  we 
might  expect;  neither  have  I  met  with  any  foot-prints.  Some  of  the 
upper  sandstones  effervesce  with  hydrochloric  acid.  Between  High 
Peake  and  Otterton  Point  the  sandstones  contain  spherical  masses 
sometimes  almost  like  a  cannon-ball,  composed  of  iron  pyrites; 
these  are  washed  out  of  their  matrix  and  lodge  at  the  bottom  of 
the  little  rocky  pools. 

The  sandstones  also  contain  curious  irregular  branching-shaped 
masses  of  a  harder  texture,  which  withstand  the  weathering  and 
give  the  cliff  a  rugged  aspect.  It  is  worthy  of  notice  that,  at  the 
points  where  the  Marl  reaches  down  to  the  beach,  there  are  no 
reefs  on  the  foreshore  opposite,  but  a  beautiful  fine-grained  red  sand, 
except  where  large  blocks  of  chert  have  fallen  from  the  Greensand 
capping  the  cliffs ;  but  wherever  the  Sandstone  appears  above  the 
beach  one  sees  large  reefs  running  out  to  sea  for  nearly  half  a  mile  at 
low  tide ;  it  does  not  seem  to  be  the  sandstone  itself  which  withstands 
the  weathering,  but  these  curious  hard  masses  contained  in  it,  since 
they  occur  in  all  the  projecting  points  of  the  cliff  formed  by  the 
sandstone  strata. 

Last  autumn,  while  on  a  visit  to  Sidmouth  for  the  second  time,  I 
had  the  good  fortune  to  find  the  bones  of  a  Labyrinthodont. 
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These  were  brought  to  light  at  different  periods  during  my  month's 
stay.  It  may  be  mentioned  that  those  described  by  Prof.  Seeley  are 
merely  the  bones  which  I  considered  capable  of  identification ;  for  I 
met  with  a  great  number  of  small  fragments  dispersed  throughout 
a  particular  series  of  beds  situated  about  10  feet  from  the  top  of 
the  Sandstone.  These  bones  were  mostly  found  in  fallen  blocks 
which  were  derived  from  these  beds  in  a  little  cove  known  as  Picket- 
Bock  Cove.  It  may  be  well  termed  an  ossiferous  zone,  as  it  does  not 
consist  of  one  single  bed,  but  of  from  one  to  four ;  not  that  I  mean 
to  imply  that  bones  are  only  found  in  this  zone,  since  Mr.  Whitaker's 
Hyperodapedon  was  found  at  the  very  bottom  of  the  Sandstone.  This 
zone  is  characterized  by  lithological  differences,  inasmuch  as  the 
matrix  is  composed  of  much  coarser  sandstone,  containing  here  and 
there  masses  of  marl  varying  in  size  from  that  of  a  pea  to  that  of 
a  hen's  egg.  It  is  nearly  hard  enough  in  some  places  for  building- 
purposes.  In  these  beds  ripple-marks  are  very  plentiful.  The 
fragments  of  bone  which  are  found  in  this  zone  seem  to  be  very 
slightly  water  worn. 

I  cannot  conclude  without  expressing  my  thanks  to  Messrs.  H.  B. 
Woodward,  W.  A.  E.  Ussher,  and  W.  Whitaker  for  the  kind  assist- 
ance they  have  afforded  me,  and  to  Mr.  P.  0.  Hutchinson,  of  Sid- 
mouth,  for  the  artistic  diagrams  with  which  he  has  furnished  me. 

P.S. — Since  writing  the  above  I  have  received  from  the  Bev.  S.  H. 
Cook  some  fragments  of  bone  obtained  by  him  about  twenty  years 
ago  from  the  same  zone  west  of  Sidmouth,  as  well  as  one  which  he 
recently  obtained  from  the  small  outcrop  of  sandstone  with  the  os- 
siferous zone  on  the  western  side  of  the  Chit-rock  fault. 

Below  the  ordinary  red  sand  on  the  beach  one  finds  a  stratum  of 
black  sand  which  has  been  derived  from  the  sandstone,  but  is  of 
greater  specific  gravity  than  the  red  sand,  which  accounts  for  its 
position  on  the  beach.  Mr.  B.  W.  Cheadle  has  kindly  made  a  quali- 
tative analysis  for  me,  with  the  following  rough  results — Silica, 
magnetic  iron  oxide,  manganese,  titanium,  and  alumina. 

[For  the  Discussion  on  this  paper  see  p.  283.] 
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32.  On  the  Posteriob  Portion  of  a  Lower  Jaw  of  Labyrinihodon 
(L.  Lavisi),  from  the  Trias  of  Sidicouth.  By  Harry  Govier 
Sreley,  Esq.,  F.L.S.,F.Z.S.,  F.G.S.,  Professor  of  Physical  Geo- 
graphy in  Bedford  College,  London.    (Bead  March  22,  1876.) 

[Plate  XIX.] 

Notwithstanding  all  that  has  been  done  of  late  years  by  Prof.  Hux- 
ley and  those  who  have  continued  his  labours,  for  the  elucidation  of 
the  Labyrinthodontia,  less  is  probably  known  of  the  structure  and 
affinities  of  that  group  than  of  any  other  long-established  Order  of 
vertebrates.  It  may  perhaps  be  an  open  question  whether  Laby- 
rinthodonts  can  rightly  be  referred  to  an  existing  class  of  animals ; 
for  the  nature  of  the  affinities  of  these  fossils  with  Amphibia,  Palaeo- 
sauria,  and  Beptilia  is  a  subject  rather  for  inquiry  than  for  dogma- 
tism ;  and  unfortunately  the  new  materials  now  to  be  described  are 
too  few  to  do  more  than  slightly  modify  accepted  surmises. 

No  apology  seems  to  be  necessary  for  the  restoration  of  Prof. 
Owen's  name  Labyrinthodon,  because  neither  Prof.  Huxley  nor  Mr. 
Miall  have  attempted  to  justify  either  its  suppression  or  reconstruc- 
tion, while  I  am  inclined  to  urge  that  demonstration  is  wanting  that 
any  foreign  Labyrinthodont  genus,  such  as  Mastodonsaurus,  has  ever 
occurred  in  the  British  Isles.  The  single  dermal  plate  figured  by 
Mr.  Miall,  so  similar  to  one  hereinafter  described  from  Sidmouth, 
seems  to  me  no  evidence ;  for  Labyrinthodonts  like  Crocodilia  and 
Teleosauria  may  well  have  resembled  each  other  in  the  dermal  ar- 
mour of  allied  genera;  and  in  describing  an  English  fossil  closely 
allied  to  one  of  those  originally  described  by  Prof.  Owen  from  War- 
wickshire, it  seems  better  to  refer  it  to  the  genus  Labyrinthodon  as 
constituted  by  Prof.  Owen,  there  being  no  evidence  adduced  or  avail- 
able for  the  subdivision  of  that  genus  in  the  manner  proposed  by 
Mr.  Miall. 

To  H.  J.  J.  Lavis,  Esq.,  F.G.S.,  we  are  indebted  not  only  for  the 
discovery  of  the  present  specimen,  unexampled  among  Labyrin- 
thodont remains  for  its  beautiful  preservation,  but  also  for  untiring 
labour  and  skill  in  extricating  the  fossil  from  the  matrix,  and  re- 
uniting its  multitudinous  fragments  into  the  handsome  and  instruc- 
tive remains  of  a  right  lower  jaw  exhibited. 

The  fossil  is  13  inches  long,  and  absolutely  free  from  matrix,  so 
that  every  aspect  and  its  component  structures  can  be  studied.  It 
demonstrates  that  the  lower  jaw  does  not  consist  of  articular,  angu- 
lar, and  dentary  elements  only,  as  generally  described,  from  which 
it  is  evident  that  the  jaw  is  not  constructed  according  to  the  Batra- 
chian  type.  In  addition  to  those  three  bones,  there  are  certainly 
separate  splenial  and  surangular  elements,  and  not  improbably  a 
separate  coronoid  bone  also.  These  five  or  six  bones  in  each  ramus 
are  arranged  so  as  to  enclose  a  deep  narrow  cavity  at  least  9  inches 
long,  in  the  hinder  part  of  the  jaw,  extending  forward  from  beneath 
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the  articulation  (PL  XIX.  fig.  2).  This  cavity  has  two  perforations. 
There  is  one  long  narrow  superior  perforation,which  looks  upward  and 
extends  for  more  than  4  inches  in  front  of  the  articulation ;  it  is  mar- 
gined externally  by  the  surangular  bone,  internally,  presumably,  by 
the  splenial.  The  internal  lateral  perforation  is  much  smaller ;  its 
place  is  from  7  to  8  inches  in  front  of  the  hindmost  extremity  of  the 
jaw,  and  half  an  inch  from  its  inferior  border.  Its  lower  border  is 
made  by  the  splenial  bone  (fig.  2  a),  and  its  upper  border  probably 
by  the  surangular  (fig.  2  d),  unless  a  small  coronoid  were  present. 
The  specimen  does  not  show  whether  the  perforations  communicated 
or  were  separate.  The  internal  cavity,  lie  the  jaw  itself,  is  some- 
what compressed  from  side  to  side  behind  on  its  inferior  border,  and 
widens  a  little  anteriorly ;  it  widens  more  from  below  upward.  It 
is  straight  and  in  the  same  plane. 

AD  the  bones  unite  by  sagittate  sutures,  and  scarcely  show  any 
indications  of  squamous  overlap.  They  are  all  more  or  less  seen  on 
the  external  aspect  of  the  jaw  (fig.  1),  except  the  splenial  bone ;  while 
every  bone  is  seen  on  the  internal  aspect  (fig.  2),  where  all  the  bones 
are  free  from  sculpture.  The  internal  aspect  is  largely  occupied  by 
the  splenial  element  (fig.  2  a),  which  is  fractured  at  its  anterior  ex- 
tremity, and  along  all  its  upper  border  behind  the  lateral  perforation. 
As  preserved,  it  is  11£  inches  long,  and  was  probably  some  inches 
longer.  It  terminates  behind  by  a  suture  inclined  slightly  backward, 
but  nearly  vertical  where  it  joins  the  articular  bone  (fig.  2  e) ;  and  it 
rests  upon  the  angular  bone  (Rg.  2  c)  below,  which  extends  along  this 
aspect  of  the  jaw  for  7  J  inches.  This  suture  with  the  angular  bone 
has  the  outline  of  a  low  hill,  of  which  the  summit  is  at  3  J  inches 
from  the  hinder  extremity,  and  the  height  about  1£  inch.  Hence 
the  splenial  bone  descends  in  position  as  it  passes  forward,  and  then 
for  1£  inch  it  crosses  obliquely  on  the  underside  of  the  jaw,  and  so 
appears  on  its  exterior  aspect  for  4£  inches,  extending  forward  as  a 
very  narrow  strip,  not  a  quarter  of  an  inch  deep  (fig.  1  a),  which 
has  the  angular  bone  above  it  for  2£  inches  behind,  and  the  dentary 
bone  above  it  in  front.  It  is  strongly  marked  on  the  flattened 
underside  of  the  jaw  with  a  radiate  ornament  reaching  through 
half  a  circle.  The  ornament  extends  from  a  centre  on  the  inner 
margin  of  the  bone,  half  an  inch  below  an  oblong  vascular  perfor- 
ation on  the  inner  aspect ;  around  the  centre  are  close-set  pits ;  but 
further  away  these  are  elongated  into  grooves.  Every  pit  and  groove 
has  a  perforation  or  channel  for  one  large  blood-vessel. 

Of  the  dentary  bone  only  a  small  posterior  part  is  preserved(fig.  1  b). 
It  extends  backward  on  the  upper  surface  of  the  jaw  to  within  2 
inches  of  the  articulation,  and  4  inches  of  the  extremity  of  the  heel, 
terminating  in  a  point.  It  rapidly  widens  and  deepens.  The  surangu- 
lar bone,  over  which  it  extends  by  squamous  overlap,  is  internal  to  it 
on  the  superior  aspect.  Externally  it  descends  down  the  side  of  the 
jaw  by  a  long  oblique  suture,  resting  at  first  on  the  surangular  bone 
for  1  £  inch,  then  on  the  angular  bone  for  6|.  inches,  and  finally  upon 
the  splenial  bone.  The  dentary  differs  from  the  other  external  bones 
in  being  smooth  and  free  from  ornament,  except  faint  longitudinal 
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striatums.  It  is  separated  from  the  angular  by  a  deep  depression, 
looking  as  though  due  to  its  extension  behind  the  angular,  but  pro- 
bably resulting  from  the  elevation  of  the  ornament  on  the  angular 
bone.  The  dentary  bone  makes  an  angular  bend,  so  as  to  form  a 
superior  surface  for  the  teeth,  which  appear  to  look  upward  and  out- 
ward. Where  the  bone  ends  behind,  the  jaw  extends  for  2\  inches 
below  it,  and  \  inch  above  it,  being  2£  inches  deep. 

The  angular  bone  (fig.  1  c)  is  the  most  striking  part  of  the  specimen. 
It  forms  the  lower  portion  of  the  jaw  on  both  aspects,  and  is  an  elon- 
gated bone  tapering  towards  both  ends  on  both  sides.  Externally 
it  is  10J  inches  long,  is  received  between  the  splenial  and  dentary 
bones  in  front,  and  posteriorly  becomes  depressed  and  reduced  in 
depth  from  1*  inch  at  5  inches  from  the  end  of  the  bone,  to  less  than 
half  an  inch  under  the  articulation.  Its  basal  border  is  straight  to 
within  the  posterior  two  inches,  when  it  curves  gently  upwards,  ter- 
minating half  an  inch  short  of  the  surangular  bone,  which  extends 
along  its  superior  5£  inches  behind  the  point  where  the  dentary  bone 
terminates.  This  bone  is  marked  by  a  semicircle  of  radiated  sculp- 
ture, the  centre  of  which  is  rather  behind  the  middle  of  the  bone  on 
its  basal  border.  As  on  the  splenial  bone,  the  ornament  consists  of 
an  irregular  honeycomb  of  pits  near  the  centre,  these  becoming 
elongated  laterally  into  grooves  which  run  towards  the  extremities 
of  the  bone,  harmonizing  with  the  sculpture  on  the  splenial  and  sur- 
angular elements.  The  grooves  as  they  proceed  become  subdivided 
by  ridges,  of  which  five  may  be  counted  above  the  suture  with  the 
splenial  bone  at  8  inches  from  the  end  of  the  bone.  The  pits  and 
grooves  are  full  of  perforations  for  blood-vessels,  which  take  the  same 
directions  as  the  grooves.  A  broader  groove,  also  vascular,  shaped 
like  the  tail  of  a  cursive  y  reversed,  ascends  to  join  the  V  -shaped 
groove  on  the  surangular  bone,  which  extends  below  the  articulation 
of  the  jaw.  These  grooves  only  differ  from  the  others  in  being 
broader.  Altogether  there  are  about  60  pits  or  grooves  on  the  an- 
gular bone,  mostly  averaging  -^  inch  in  diameter,  though  some  are 
punctures  ^  inch  in  size;  while  the  broad  posterior  groove  is 
half  an  inch  in  diameter,  and  the  long  anterior  groove  is  6  inches  in 
length. 

On  the  interior  aspect  of  the  jaw  the  angular  bone  occupies  a 
smaller  area  (fig.  2,  c).  It  reaches  as  far  back,  but  not  so  far  for- 
ward, as  in  front,  being  only  about  1\  inches  long.  Its  greatest  depth 
is  1£  inch  at  3  inches  from  its  posterior  end.  The  hinder  part  of  the 
bone  is  concave  from  above  downward,  and  has  two  conspicuous  de- 
scending foramina  under  the  part  where  it  is  deepest. 

The  surangular  element  (figs.  1,  2,  3,  d)  has  hitherto  been  named 
the  articular ;  but  it  extends  in  front  of  the  articular  bone  so  as  to  hide 
the  whole  of  it  except  the  surface  seen  in  the  articulation.  The 
branch  of  the  surangular  which  extends  between  the  angular  and 
ftentary  bones  is  about  5|  inches  long ;  but  the  part  which,  extending 
Jfc-torior  to  the  alveolar  margin  of  the  dentary  bone,  is  imperfect  an- 
k  rxorty»  is  8|  inches  long  from  the  heel  of  the  bone.     Superiorly  the 

e  bends  over  towards  the  inner  side,  so  as  to  form  a  sort  of  back- 
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ward  prolongation  of  the  alveolar  table,  nearly  an  inch  wide.  From 
this  a  sharp  slightly  elevated  coronoid  ridge  [imperfectly  preserved] 
arises,  which  extends  forward  in  the  median  line,  originating  at  the 
outer  and  anterior  border  of  the  articulation.  Another  ridge  at  right 
angles  to  this,  and  somewhat  thicker,  'is  directed  outward,  so  that  a 
concavity  extends  along  the  bone  between  them.  This  ridge  extends 
backward  for  3  inches,  inclined  very  slightly  downward,  and  then 
curves  in  a  semicircle  upward,  to  terminate  just  behind  the  articu- 
lation. Below  this  ridge,  under  the  articulation,  is  a  shallow  groove 
less  than  J  inch  wide,  and  below  this  an  elevated  V8*18?^ 
rudely  sculptured  mass  of  ornament,  1£  inch  long  and  f  inch  deep. 
Below  this  is  the  broad  v  -shaped  groove,  with  a  few  tear-like 
ornaments.  The  hinder  arm  of  the  V  extends  upward  behind  the 
articulation ;  the  front  arm  extends  upward  and  forward ;  both  arms 
are  connected  by  the  narrow  curved  groove  below  the  articulation. 

Behind  the  V-shaped  groove  is  a  triangular  piece  of  vascular 
honeycomb-like  ornament,  11  inch  deep  and  1|  inch  long  at  its 
base,  where  it  is  underlapped  Dy  the  angular  bone.  It  extends  the 
jaw  externally  behind  the  articulation.  Nothing  is  behind  the 
straight  inclined  posterior  line  of  this  sculpture  except  the  heel  of 
the  bone — a  subquadrate  process  half  an  inch  deep,  developed  back- 
ward and  inward,  so  as  with  the  angulaj  bone  below  to  nearly 
enclose  the  hindmost  termination  of  the  articular  bone,  which  is 
greatly  attenuated.  The  surangular  bone  is  reflected  behind  the 
articular  element,  so  that  superiorly  it  almost  meets  the  splenial 
element.  Posteriorly,  below  the  articulation,  the  bone  is  deeply 
impressed  on  the  irregular  smooth  hinder  surface. 

The  articular  bone  (figs.  1, 2, 3,  e)  forms  a  narrow  strip  on  the  inner 
Bide  of  the  jaw,  oblique  and  curved  backward,  extending  from  the 
articulation  to  below  the  heel  of  the  surangular  bone.  The  articular 
surface  is  subrhomboid,  extending  further  backward  and  outward  on 
the  external  margin,  and  further  forward  on  the  inner  margin,  which 
slightly  overhangs  the  bones  beneath.  It  measures  £  inch  from 
front  to  back,  and  1£  from  within  outward.  Its  greatest  oblique 
measurement  is  less  than  2  inches.  The  hinder  margin  (formed  by 
the  surangular  bone)  rises  above  the  anterior  margin.  From  back 
to  front  the  area  is  semicylindrically  concave,  and  marked  with  two 
broad  slightly  elevated  ridges  with  a  longitudinal  groove  between 
them,  while  a  second  incomplete  sulcus  forms  the  internal  margin  to 
the  articulation. 

Though  the  bones  now  described  have  a  reptilian  aspect,  and 
somewhat  of  a  reptilian  arrangement,  they  do  not  go  far  towards 
suggesting  the  affinities  of  Lahyrinihodon.  There  seems  no  reason 
to  doubt  that  the  central  hollow  space  in  the  jaw  received  the 
primitive  cartilage  round  which  the  bones  were  ossified ;  and  the 
persistence  of  this  character  is  rather  a  link  with  the  lower  than 
with  the  higher  Yertebrata.  The  jaw  differs  from  the  Batrachian 
mandible  in  possessing  well-developed  angular  and  surangular  ele- 
ments, by  which  this  cartilage  and  its  articular  ossification  are  en- 
closed.   But  some   reptiles,  such  as  Crocodiles  and  the  marine 
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Chelonia,  present  many  analogies  in  the  perforations,  in  the  struc- 
ture of  the  jaw,  and  in  the  sculpture  of  the  bones.  But  in  the 
absence  of  more  important  parts  of  the  skeleton,  no  conclusions  can 
be  drawn  from  these  resemblances. 

The  species  indicated  by  this  specimen  is  almost  identical  in  size 
with  the  fragment  attributed  by  Mr.  Miall  to  Labyrinthodon  pocky- 
gnaihus,  and,  so  far  as  I  can  judge  from  figures,  resembles  that  fossil 
closely  both  in  form  and  ornamentation.  But  the  depth  and  outline 
of  the  postarticular  part  of  the  jaw,  and  the  differences  of  sculpture 
in  the  lateral  subarticular  ornament,  supply  characters  for  distinc- 
tion which,  if  the  Warwickshire  specimens  are  accurately  figured, 
must  separate  the  Dorsetshire  fossil  as  a  distinct  species:  this  I 
propose  to  name  Labyrinthodon  Lavisi,  in  honour  of  its  discoverer. 

Associated  Fragments. — Within  a  yard  or  two  of  the  spot  where 
the  jaw  was  found,  Mr.  Lavis  picked  up  several  other  Labyrintho- 
dont  fragments,  which  he  supposes,  with  good  reason,  to  have  been 
portions  of  the  same  skeleton.  These  comprise  two  small  pieces  of 
bones  from  the  upper  part  of  the  skull,  which  are  too  imperfect  to 
be  determined  with  certainty  at  present,  though  one  forms  a  portion 
probably  of  the  orbit  of  the  eye,  and  the  other  shows  a  portion  of  a 
narrow  channel  of  the  kind  which  has  been  called  mucous  groove : 
its  radiated  sculpture  is  finer  than  on  the  other  specimens ;  and  it 
may  belong  to  a  young  animal  or  a  small  species.  Another  com- 
pressed curved  bone  about  2£  inches  long,  §  inch  deep  at  one  end, 
narrowing  along  the  curve,  and  less  than  |  inch  thick,  I  am  disposed 
to  regard  (if  Labyrinthodont  at  all)  as  possibly  a  vomer.  The  concave 
border  of  the  specimen  appears  to  have  been  palatal.  Along  it,  and 
on  part  of  the  adjacent  side  of  the  bone,  extend  three  or  four  ill- 
preserved  rows  of  small  conical  teeth,  which  vary  in  size.  These 
present  a  suggestive  resemblance  to  the  rows  of  teeth  on  the  spe- 
cimen figured  by  Prof.  Huxley,  and  named  Hyperodapedon,  espe- 
cially as  some  of  them  are  similarly  worn  down ;  and  it  is  possible 
that  this  fragment  may  pertain  to  that  genus. 

Two  other  specimens  are  portions  of  thoracic  plates.  A  narrow 
fragment,  2\  inches  long,  probably  belongs  to  the  median  thoracic 
plate;  while  the  principal  fragment,  3  inches  long  and  If  inch 
wide,  may  be  the  right  thoracic  plate.  It  is  thin,  and  marked  by 
the  usual  radiated  sculpture,  but  has  the  broad  external  border 
compressed  and  smooth. 

Other  smaller  but  imperfect  plates  were  found,  which  are  marked 
with  shallow  pits  which  do  not  become  elongated  into  grooves. 

Another  portion  of  bone  may  be  a  segment  from  the  upper  part  of 
a  strong  rib. 

A  chevron  bone  (fig.  4)  shows  the  articular  surfaces  on  one  side, 
which  prove  it  to  have  been  articulated  between  two  vertebra,  as  in 
most  of  the  Reptilia  and  Palaeoeauria. 

Portions  of  dense  cylindrical  or  more  compressed  bone/3,  having 
the  appearance  of  weathered  teeth,  were  found ;  but  the  transverse 
sections  which  Mr.  Cuttell  has  endeavoured  to  prepare  are  too  thick 
and  opaque  to  demonstrate  their  real  nature. 
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EXPLANATION  OF  PLATE  XIX. 

Fig.  1.  E eternal  view  of  posterior  pirt  of  right  ramus  of  lower  jaw. 
?m  Internal  aspect  of  the  same  specimen. 

3.  Articular  region,  seen  from  above. 

4.  Chevron  bone. 

a,  splenial  bone ;  bt  dentary  bone ;  c,  angular  bone ;  d,  sur angular  bone  ; 
',  articular  bone. 


Discussion. 

Mr.  Ussher  remarked  that  the  Trias  of  South  Devon  was  too 
variable  in  character  to  furnish  reliable  evidence  as  to  the  persistence 
of  individual  beds  as  lithological  or  palaeontological  zones.  The  con- 
glomerate bed  of  Otterton  Point,  which  crops  out  below  High-Peake 
Hill,  is  cut  out  at  Ladram  Bay  by  a  fault,  but  reappears  towards 
Otterton  Point  for  a  distance  of  a  mile  and  a  half.  It  varies  very 
much  in  character,  and  exhibits  false  bedding  in  parts.  Organic 
remains  have  been  found  in  the  Trias  at  Ruishton,  in  a  marly  gritty 
conglomerate,  which  contains  Labyrinthodon,  Estheria,  &c. — also  near 
Stoke  St.  Mary's,  where  Estheria  minuta  occurs, — in  the  Vale  of 
Taunton,  in  sandstone  not  contemporaneous  with  that  on  the  coast, 
and  at  North  Curry,  where  Estheria  and  plant-remains  are  found  in 
arenaceous  beds  under  marl. 

Mr.  Whitaker  stated  that  while  Mr.  Lavis's  Labyrinthodon  was 
obtained  from  near  the  top  of  the  sandstone,  his  Hyperodapedon 
came  from  near  its  base. 

Prof.  Raxsay  remarked  that  all  these  bones  were  from  the 
Keuper,  and  not  from  the  Bunter. 

The  President  (Prof.  Duncan)  said  that  Professor  Seeley  had  very 
properly  treated  this  bone  from  his  own  point  of  view;  but  he  would  no 
doubt  admit  that  there  were  others  from  which  it  might  be  looked  at. 
It  seemed  to  him  that  if  this  were  the  lower  jaw  of  Labyrinthodon,  it 
was  very  distinct  from  any  other  specimen.  He  noticed  that  from  Mr. 
Miall's  description  it  would  seem  that  he  had  got  upon  the  trace  of  the 
surangular  bone  in  Diadetognathus,  as  in  one  of  his.  specimens  he 
describes  a  ridge  which  may  be  the  indication  of  a  bone  wanting  in 
the  Warwickshire  specimen  but  present  in  this  one.  He  thought 
that  some  fish  exhibited  a  somewhat  similar  construction,  but  that 
the  lower  jaw  alone  could  never  be  sufficient  for  the  purpose  of 
classification ;  and  here  the  other  and  more  essential  parts  of  the 
skull  were  wanting.  The  Labyrinthodonts  seemed  to  him  to  be 
unquestionably  an  order  of  Amphibia. 

Mr.  La  vis,  in  reply,  said  that  his  estimate  of  the  upthrow  was 
made  from  the  lithological  characters  of  the  beds.  The  zone  indi- 
cated by  him  was  not  conspicuous  by  its  lithological  characters.  It 
contained  small  grains  of  quartzite  and  pockets  of  marl. 

Prof.  Seeley,  after  thanking  the  President  for  his  remarks,  stated 
a  J.  G.  S.  No.  127.  x 
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that  the  fossil  described  by  him  presented  analogies  to  the  Teleosauria 
and  marine  Chelonia,  a  fact  which  supports  the  evidence  derived 
from  the  skeleton  of  the  Labyrinthodontia.  The  skulls  in  those 
animals  present  characters  found  nowhere  except  among  the  true 
Reptilia.  With  regard  to  the  identification  of  the  specimen,  he  said 
that  if  those  from  Warwickshire  described  by  Mr.  Miall  were  Laby- 
rinthodonts,  then  this  was  one  also. 
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33.  Note  on  the  Phosphates  of  the  Laurentian  and  Cambrian 
Boom  of  Canada.  By  J.  W.  Dawson,  LL.D.,  F.R.S.,  F.G.S. 
(Read  March  22,  1876.) 

The  extent  and  distribution  of  the  deposits  of  apatite  contained  in 
the  Lanrentian  of  Canada  and  in  the  succeeding  Palaeozoic  forma- 
tions, have  not  escaped  the  notice  of  our  Geological  Survey,  and 
have  been  referred  to  in  some  detail  in  Reports  of  Mr.  Vennor, 
Mr.  Richardson,  and  others,  as  well  as  in  the  General  Report 
prepared  by  Sir  W»  E.  Logan  in  1863.  Some  attention  has  also 
been  given,  more  especially  by  Dr.  Sterry  Hunt,  to  the  question  of 
the  probable  origin  of  these  deposits*.  My  own  attention  has  been 
directed  to  the  subject  by  its  close  connexion  with  the  discussions 
concerning  Eozoon ;  and  1  have  therefore  embraced  such  opportunities 
as  offered  to  visit  the  localities  in  which  phosphates  occur,  and  to 
examine  their  relations  and  structure.  1  would  now  present  some 
facts  and  conclusions  respecting  these  minerals,  more  especially  in 
their  relation  to  the  life  of  the  Laurentian  period,  but  which  may 
also  be  of  interest  to  British  geologists  in  connexion  with  the  facts 
recently  published  in  the  *  Journal '  of  this  Society  in  relation  to 
the  similar  deposits  found  in  the  Cambrian  and  Silurian  of  Wales  t. 

In  the  Lower  Silurian  and  Cambrian  rocks  of  Canada  phosphatic 
deposits  occur  in  many  localities,  though  apparently  not  of  sufficient 
extent  to  compete  successfully  for  commercial  purposes  with  the 
rich  Laurentian  beds  and  veins  of  crystalline  apatite. 

In  the  Chazy  formation,  at  Alumette  Island,  and  also  at  Gren- 
ville,  Hawkesbury,  and  Lochiel,  dark-coloured  phosphatic  nodules 
abound.  They  hold  fragments  of  Lingulce,  which  also  occur  in  the 
containing  beds.  They  also  contain  grains  of  sand,  and,  When 
heated,  emit  an  ammoniacal  odour.  They  are  regarded  by  Sir  W. 
Logan  and  Dr.  Hunt  as  coprolitic,  and  are  said  to  consist  of  "  a  paste 
of  comminuted  fragments  of  Lingtrfce,  evidently  the  food  of  the 
animals  from  which  the  coprolites  were  derived"  J.  It  has  also 
been  suggested  that  these  animals  may  have  been  some  of  the  larger 
species  of  Trilobites.  In  the  same  formation,  at  some  of  the  above 
places,  phosphatic  matter  is  seen  to  fill  the  moulds  of  shells  of 
Pleurotomaria  and  Holopea. 

In  the  Graptolite  shales  of  the  Quebec  group,  at  Point  Levis, 
similar  nodules  occur;  and  they  are  found  at  Riviere  Ouelle, 
Eamouraska,  and  elsewhere  on  the  Lower  St.  Lawrence,  in  lime- 
stones and  limestone  conglomerates  of  the  Lower  Potsdam  group, 
which  is  probably  only  a  little  above  the  horizon  of  the  Menevian 
or  Acadian  series.  In  these  beds  there  are  also  small  phosphatic 
tubes  with  thick  walls,  which  have  been  compared  to  the  supposed 
worm-tubes  of  the  genus  Serpulite8§. 

*  Geology  of  Canada,  1863;  Chemical  and  Geological  Essays,  1875. 
t  Daviee  &  Hicks  in  Quart.  Journ.  Geol.  Soc.  August  1875. 
1  Geology  of  Canada,  p.  125. 

%  Geology  of  Canada,  p.  2£9;  Eichardson's  Keport,  1869. 
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The  Acadian  or  Menevian  group,  as  developed  near  St.  John, 
New  Brunswick,  contains  layers  of  calcareous  sandstone  blackened 
with  phosphatic  matter,  which  can  be  seen,  under  the  lens,  to  consist 
entirely  of  shells  of  Lingular,  often  entire,  and  lying  close  together 
in  the  plane  of  the  deposit,  of  which  in  some  thin  layers  they  appear 
to  constitute  the  principal  part*.  Mr.  Matthew  informs  me  that 
these  layers  belong  to  the  upper  part  of  the  formation,  and  that  the 
layers  crowded  with  Lingtdas  are  thin,  none  of  them  exceeding  two 
inches  in  thickness ;  but  he  thinks  that  the  dark  colour  of  some  of 
the  associated  sandstones  and  shales  is  due  to  comminuted  IAngulec. 

At  Eamouraska,  where  I  have  studied  these  deposits,  the  ordinary 
phosphatic  nodules  are  of  a  black  colour,  appearing  brown  with  blue 
spots  when  examined  in  thin  slices  with  transmitted  light.  They 
are  of  rounded  forms,  having  a  glazed  but  somewhat  pitted  surface— 
and  are  very  hard  and  compact,  breaking  with  glistening  surfaces. 
They  occur  in  thin  bands  of  compact  or  brecciated  limestone,  which 
are  very  sparingly  fossiliferous,  holding  only  a  few  shells  of  Hyolithes 
and  certain  Scoltthtts-like  cylindrical  markings.  In  some  of  these 
beds  siliceous  pebbles  occur  with  the  nodules,  rendering  it  possible 
that  the  latter  may  have  been  derived  from  the  disintegration  of 
older  beds;  but  their  forms  show  that  they  are  not  themselves 
pebbles.  Phosphatic  nodules  also  occur  sparingly  in  the  thick  beds 
of  limestone  conglomerate  which  are  characteristic  of  this  formation : 
they  are  found  both  in  the  included  fragments  of  limestone  and  in  the 
paste.  The  conglomerates  contain  large  slabs  and  boulders  of  lime- 
stone rich  in  Trilobites  and  Hyolithes;  but  in  these  I  have  not 
observed  phosphatic  nodules. 

In  some  of  the  limestones  the  phosphatic  bodies  present  a  very 
different  appearance,  first  noticed  by  Richardson  at  Riviere  Ouelle, 
and  of  which  I  have  found  numerous  examples  at  Eamouraska.  A 
specimen  now  before  me  is  a  portion  of  a  band  of  grey  limestone, 
about  four  inches  in  thickness,  and  imbedded  in  dark  red  or  purple 
shale.  It  is  filled  with  irregular,  black,  thick- walled,  cylindrical 
tubes,  and  fragments  of  such  tubes,  along  with  phosphatic  nodules 
— the  whole  crushed  together  confusedly,  and  constituting  half  of 
the  mass  of  the  rock.  The  tubes  are  of  various  diameters,  from  a 
quarter  of  an  inch  downward ;  and  the  colour  and  texture  of  their 
walls  are  similar  to  those  of  the  ordinary  phosphatic  nodules. 

Under  the  microscope  the  nodules  and  the  walls  of  the  tubes  show 
no  organic  structure  or  lamination,  but  appear  to  consist  of  a  finely 
granular  paste  holding  a  few  grains  of  sand,  a  few  small  fragments 
of  shells  without  apparent  structure,  and  some  small  spicular  bodies 
or  minute  set®.  The  general  colour  by  transmitted  light  is  brown ; 
but  irregular  spots  show  a  bright  blue  colour,  due  probably  to  the 
presence  of  phosphate  of  iron  (vivianite).  The  enclosing  limestone 
and  the  filling  of  the  tubes  present  a  coarser  texture,  and  appear 
made  up  of  fragments  of  limestone  and  broken  shells,  with  some 
dark-coloured  fibres,  probably  portions  of  Zoophytes.      Scattered 

•  Bailey  and  Matthew,  "  Geology  of  New  Brunswick,"  QeoL  Surrey  Beport* 

Digitized  by  VjOOQ IC 


J.  W.  DAWSON  ON  THE  PHOSPHATES  OP  CAXADA.  287 

through  the  matrix  there  are  also  small  fragments,  invisible  to  the 
naked  eye,  of  brown  and  blue  phosphatic  matter. 

One  of  the  nodules  from  Alumette  gave  to  Dr.  Hunt  36-38  of 
calcic  phosphate;  one  from  Hawkesbury  44-70;  another  from 
Biviere  Ouelle  40-34 ;  and  a  tube  from  the  same  place  67*53*.  A 
specimen  from  Kamouraska,  analyzed  by  Dr.  Harrington,  gave 
55-65  per  cent.  One  of  the  richest  pieces  of  the  linguliferous  sand- 
stone from  St.  John  yielded  to  the  same  chemist  30-82  of  calcic  phos- 
phate and  32-44  of  insoluble  siliceous  sand,  the  remainder  being 
chiefly  carbonate  of  lime. 

Various  opinions  may  be  entertained  as  to  the  origin  of  these  phos- 
phatic bodies ;  but  the  weight  of  evidence  inclines  to  the  view  origin- 
ally put  forward  by  Dr.  Huntt,  that  the  nodules  are  coprolitic ;  and 
I  would  extend  this  conclusion  with  some  little  modification  to  the 
tubes  as  well.  The  forms,  both  of  the  tubes  and  nodules,  and  the 
nature  of  the  matrix,  seem  to  exclude  the  idea  that  they  are  simply 
concretionary,  though  they  may  in  some  cases  have  been  modified 
by  concretionary  action.  There  are  in  the  same  beds  little  piles  of 
worm-castings  of  much  smaller  diameter  than  the  tubes,  and  less 
phosphatic ;  and  there  are  also  Scolithus-hke  burrows  penetrating 
some  of  the  limestones,  and  lined  with  thin  coatings  of  phosphatic 
matter  similar  to  that  of  the  tubes.  Further,  the  association  of 
similar  nodules  in  the  Chazy  limestone  with  comminuted  IAnguUx, 
as  already  stated,  is  a  strongly  confirmatory  fact. 

The  tubes  are  of  unusual  form  when  regarded  as  coprolitic ;  but 
they  may  have  been  moulded  on  the  sides  of  the  burrows  of  marine 
worms ;  or  these  creatures  may  have  constructed  their  tubes  of  this 
material,  either  consisting  of  their  own  excreta  or  of  that  of  other 
animals  lying  on  the  sea -bottom.  In  any  case,  the  food  of  the 
animals  producing  such  excreta  must  have  been  very  rich  in  solid 
phosphates,  and  these  animals  must  have  abounded  on  the  sea- 
bottoms  on  which  the  remains  have  accumulated.  It  is  also 
evident  that  such  phosphatic  dejections  might  either  retain  their 
original  forms,  or  be  aggregated  into  nodular  masses,  or  shaped 
into  tubes  or  burrows  of  Annelids,  or,  if  accumulated  in  mass, 
might  form  more  or  less  continuous  beds. 

The  food  of  the  animals  producing  such  coprolites  can  scarcely 
have  been  vegetable ;  for  though  marine  plants  collect  and  contain 
phosphates,  the  quantity  in  these  is  very  minute,  and  usually  not 
more  than  that  required  by  the  animals  feeding  on  them. 

We  must  therefore  look  to  the  animal  kingdom  for  such  highly 
phosphatic  food/-  Here  we  find  that  a  large  proportion  of  the 
ftirnnjilfl  inhabiting  the  primordial  seas  employed  calcic  phosphate  in 
the  construction  of  their  hard  parts.  Dr.  Hunt  has  shown  that  the 
shells  of  Lingula  and  some  of  its  allies  are  composed  of  calcic 
phosphate ;  and  he  has  found  the  same  to  be  the  case  with  certain 
Pteropods,  as  Conularia,  and  with  the  supposed  worm-tubes  called 
SerpuliUs,  which,  however,  are  very  different  in  structure  from  the 
tubes  above  referred  to. 

*  Geology  of  Canada,  p.  461.  t  Ibid. 
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It  has  long  been  known  that  the  crusts  of  modern  Crustaceans 
contain  a  notable  percentage  of  calcic  phosphate ;  and  Hioks  and 
Hudleston  have  shown  that  this  is  the  case  also  with  the  Cambrian 
Trilobites.     Dr.  Harrington  has  kindly  verified  this  for  me    by 
analysing  a  specimen  of  highly  trilobitic  limestone  from  the  Lower 
Potsdam  formation  at  St.  Simon,  in  which  the  crusts  of  these 
animals  are  so  well  preserved  that  they  show  their  minutely  tubu- 
lated structure  in  great  perfection  under  the  microscope.     He  finds 
the  percentage  of  calcic  phosphate  due  to  these  crusts  to  be  1-49 
per  cent,  of  the  whole  mass.     It  is  to  be  observed,  however,  that 
the  crusts  of  Trilobites  must  have  consisted  very  largely  of  chitinous 
matter,  which,  in  some  oases,  still  exists  in  them  in  a  carbonized 
state.     A  crust  of  the  modern  Limulus,  or  King  Crab,  which  I  had 
supposed  might  resemble  in  this  respect  that  of  the  Trilobites,  was 
analyzed  also  by  Dr.  Harrington.      It  belonged  to  a  half-grown 
individual,  measuring  5*25  inches  across,  and  was  found  to  contain 
only  1*845  per  cent,  of  ashes,  and  of  this  only  1*51  per  cent,  of 
calcic  phosphate.    The  crusts  of  some  Trilobites  may  have  contained 
as  large  a  proportion  of  organic  matter ;  but  they  would  seem  to 
have   been  richer  in  phosphates.      Next  to  Lingula  and  Trilo- 
bites, the  most  abundant  fossils  in  the  formations  containing  the 
phosphatic  nodules  are  the  shells  of  the  genus  HyoUthes,  of  which 
several  species  have  been  described  by  Mr.  Billings*.     Dr.  Har- 
rington has  ascertained  that  these  shells  also  contain  calcic  phosphate 
in  considerable  proportion.     The  proportion  of  this  substance  in  a 
shell  not  quite  freed  from  matrix  was  2*09  per  cent.     These  shells 
have  usually  been  regarded  as  Pteropods;    but  I  find  that  the 
Canadian  primordial  species  show  a  structure  very  different  from 
that  of  this  group.     They  are  much  thicker  than  the  shells  of  proper 
Pteropods ;  and  the  outer  layer  of  shell  is  perforated  with  round 
pores,  which  in  one  species  are  arranged  in  vertical  rows.     The 
inner  layer,  which  is.  usually  very  thin,  is  imperforate.     In  one 
species  (I  believe,  the  II.  americanus  of  Billings)  the  perforations 
resemble  in  size  and  appearance  those  in  the  shells  of  Terehratula. 
In  another  species  (H.  micans  probably)  they  are  very  fine  and  close 
together,  as  in  some  shells  of  tubicolous  worms.     I  am  therefore 
disposed  to  regard  the  claim  of  these  shells  to  the  rank  of  Pteropods 
as  very  doubtful.     They  may  be  tubicolous  worms,  or  even  some 
peculiar  and  abnormal  type  of  Brachiopod.     In  connexion  with 
this  last  view,  it  may  be  remarked  that  the  operculum  of  some  of 
the  speoies  much  resembles  a  valve  of  a  Brachiopod,  and  that  the 
conical  tube  is  in  some  of  them   not  a  much  greater  exaggera- 
tion of  the  ventral  valve  of  one  of  these  shells  than  the  peculiar 
Calceola   of  the  Upper  Silurian  and  Devonian,  which  has  been 
regarded  by  some  palaeontologists  as  a  true  Brachiopod.     I  have  not, 
however,  had  any  opportunity  of  comparing  the  intimate  structure 
of  Calceola  with  that  of  these  shells.     Shells  of  Hyoliihis  occur  in 
the  Lower  Potsdam  in  the  same  beds  with  the  phosphatic  nodules ; 
and  in  one  of  these  Mr.  Weston  has  found  a  series  of  conical  shells 
*  Canadian  Naturalist,  Deo.  1871. 
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of  HyoliOus  pressed  one  within  another,  as  if  they  had  passed  in  an 
entire  state  through  the  intestine  of  the  animal  which  produced  the 
eoprolite. 

Inasmuch,  then,  as  some  of  the  most  common  invertebrates  of 
the  Cambrian  seas  secreted  phosphatic  shells,  it  is  not  more  incredible 
that  carnivorous  animals  feeding  on  them  should  produce  phosphatic 
coprolites  than  that  this  should  occur  in  the  case  of  more  modern 
animals  feeding  on  fishes  and  other  vertebrates. 

We  may  now  turn  to  the  question  as  to  the  source '  of  the  abun- 
dant apatite  of  the  Laurentian  rocks.  Were  this  diffused  uniformly 
through  the  beds  of  this  great  system,  or  collected  merely  in  fissure 
or  segregation  veins,  it* might  be  regarded  as  having  no  connexion 
with  other  than  merely  mineral  causes  of  deposit.  It  appears, 
however,  from  the  careful  stratigraphies!  explorations  of  the  Cana- 
dian Survey,  in  the  districts  of  Burgess  and  Elmsley,  which  are 
especially  rich  in  apatite,  that  the  mineral  occurs  largely  in  beds 
interstratified  with  the  other  members  of  the  series,  though  deposits 
of  the  nature  of  veins  likewise  occur.  It  also  appears  that  the 
principal  beds  are  confined  to  certain  horizons  in  the  upper  part  of 
the  Lower  Laurentian,  above  the  limestones  containing  Eozoon, 
though  some  less  important  deposits  occur  in  lower  positions*. 

The  principal  apatite-bearing  band  of  the  Laurentian  consists  of 
beds  of  gneiss,  limestone,  and  pyroxene-rock,  and  has  a  thickness  of 
from  2600  to  3600  feet.  It  has  been  traced  over  a  great  extent  of 
country  west  of  the  Ottawa  river,  and  has  also  been  recognized  on 
the  east  side  of  that  river  as  well.  The  mineral  often  forms  compact 
beds  with  little  foreign  intermixture ;  and  these  sometimes  attain  a 
thickness  of  several  feet,  though  it  has  been  observed  that  their 
thickness  is  variable  in  tracing  them  along  their  outcrops.  Several 
beds  often  lie  near  to  each  other  in  the  same  member  of  the  series. 
Thin  layers  of  apatite  also  occur  in  the  lines  of  bedding  of  the 
pyroxene-rock.  In  other  cases  disseminated  crystals  are  found 
throughout  thick  beds  of  limestone,  sometimes,  according  to  Dr. 
Hunt,  amounting  to  two  or  three  per  cent,  of  the  whole  mass. 
Disseminated  crystals  also  occur  in  some  of  the  beds  of  magnetite,  a 
mode  of  occurrence  which,  according  to  Dr.  Hunt,  has  also  been 
observed  in  Sweden  and  in  New  York  in  the  Laurentian  magnetites 
of  those  regions. 

The  veins  of  apatite  fill  narrow  and  usually  irregular  fissures ; 
and  the  mineral  is  associated  in  these  veins  with  calcite  and  with 
large  crystals  of  mica.  In  one  instance,  at  Ticonderoga,  in  New 
York,  the  apatite,  instead  of  its  usual  crystalline  condition,  assumes 
the  form  of  radiating  and  botryoidal  masses,  constituting  theEupyr- 
ohroite  of  Emmons.  Since  these  veins  are  found  principally  in  the 
same  members  of  the  series  in  which  the  beds  occur,  it  is  a  fair 
inference  that  the  former  are  a  secondary  formation,  dependent  on 
the  original  deposition  of  apatite  in  the  latter,  whioh  must  belong 
to  the  time  when  the  gneisses  and  limestones  were  laid  down  as 
sediments  and  organic  accumulations. 

*  Vennor"s  BeporU,  1872-73  A  1873-74. 
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In  all  the  localities  in  which  I  have  been  able  to  examine  the 
Laurentian  apatite,  it  presents  a  perfectly  crystalline  texture,  while 
the  containing  strata  are  highly  metamorphosed ;  and  this  appears 
to  be  its  general  condition  wherever  it  has  been  examined.  Nume- 
rous slices  of  the  more  compact  apatite  of  the  beds  have  been 
prepared  by  Mr.  Weston,  of  the  Geological  Survey ;  but,  as  might 
be  expected,  they  show  no  trace  of  organic  structure.  All  direct 
evidence  for  the  organic  origin  of  this  substance  is  therefore  still 
wanting.  There  are,  however,  certain  considerations,  based  on  its 
mode  of  occurrence,  which  may  be  considered  to  afford  some  indirect 
testimony. 

If,  with  Hunt,  we  regard  the  iron  ores  of  the  Laurentian  as 
organic  in  origin,  the  apatite  which  occurs  in  them  may  reasonably 
be  supposed  to  be  of  the  same  character  with  the  phosphatic  matter 
which  contaminates  the  fossiliferous  iron  ores  of  the  Silurian  and 
Devonian,  and  which  is  manifestly  derived  from  the  included 
organic  remains. 

If  we  consider  the  evidence  of  Eozoon  sufficient  to  establish  the 
organic  origin,  in  part  at  least,  of  the  Laurentian  limestones,  we 
may  suppose  the  disseminated  crystals  of  apatite  to  represent  copro- 
litic  masses  or  the  debris  of  phosphatic  shells  and  crusts,  the  structure 
of  which  may  have  been  obliterated  by  concretionary  action  and 
metamorphism. 

Such  Silurian  beds  of  compact  and  concretionary  apatite  (without 
structure,  yet  manifestly  of  organic  origin)  as  that  described  by 
Mr.  Davies  in  the  '  Journal '  of  this  Society,  may  be  taken  as  fair 
representatives  of  the  bedded  apatite  of  the  Laurentian.  Further, 
the  presence  of  graphite  in  association  with  the  apatite  in  both  cases 
may  not  be  an  accidental  circumstance,  but  may  depend  in  both  on 
the  association  of  carbonaceous  organisms,  whether  vegetable  or 
animal. 

Again,  the  linguliferous  sandstone  of  the  Acadian  group  is  a 
material  which,  by  metamorphism,  might  readily  afford  a  pyroxenite 
with  layers  of  apatite  like  those  which  occur  in  the  Laurentian. 

The  probability  of  the  animal  origin  of  the  Laurentian  apatite  is 
perhaps  further  strengthened  by  the  prevalence  of  animals  with 
phosphatic  crusts  and  skeletons  in  the  Primordial  age,  giving  a 
presumption  that  in  the  still  earlier  Laurentian  a  similar  preference 
for  phosphatic  matter  may  have  existed,  and,  perhaps,  may  have 
extended  to  still  lower  forms  of  life,  just  as  the  appropriation  in 
more  modern  times  of  phosphate  of  lime  by  the  higher  animals  for 
their  bones  eeems  to  have  been  accompanied  by  a  diminution  of  its 
use  in  animals  of  lower  grade. 

The  Laurentian  apatite  pretty  constantly  contains  a  small  per- 
centage of  calcium  fluoride ;  and  this  salt  also  occurs  in  bones,  more 
especially  in  certain  fossil  bones.  This  may  in  both  cases  be  a 
chemical  accident ;  but  it  supplies  an  additional  coincidence. 

In  the  lowest  portions  of  the  Lower  Laurentian  no  organic  remains 
have  yet  been  detected ;  and  these  beds  are  also  poor  in  phosphates. 
The  horizen  of  special  prevalence  of  JEczoon  is  the  GrenviUe  band  of 
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limestone,  which,  according  to  Sir  William  Logan's  sections,  is  about 
11,500  feet  above  the  fundamental  gneiss.  It  appears,  from  recent 
observations  of  Mr.  Vennor  and  Mr.  W.  T.  Morris,  that  the  bed 
holding  the  Burgess  Eozoon  is  on  the  same  horizon  with  the  lime- 
stone of  Grenville.  The  phosphates  are  most  abundant  in  the  beda 
overlying  this  band.  This  gives  a  further  presumption  that  the 
collection  and  separation  of  the  apatite  is  due  to  some  organic 
agency,  and  may  indicate  that  animals  having  phosphatic  skeletons 
first  became  abundant  after  the  sea-bottom  had  been  largely  occupied 
by  Eozoon. 

I  would  not  attach  too  great  value  to  the  above  considerations ; 
but,  taken  together,  and  in  connexion  with  the  occurrence  of  apatite 
in  the  Cambrian  and  Silurian,  they  seem  to  afford  at  least  a 
probability  that  the  separation  of  the  Laurentian  phosphate  from 
the  sea-water,  and  its  accumulation  in  particular  beds,  may  have 
been  due  to  the  agency  of  marine  life.  Positive  proof  of  this  can 
be  obtained  only  by  the  recognition  of  organic  form  and  structure ; 
and  for  this  we  can  scarcely  hope,  unless  we  should  be  so  fortunate 
as  to  find  some  portion  of  the  Lower  Laurentian  series  in  a  less 
altered  condition  than  that  in  which  it  occurs  in  the  apatite  districts 
of  Canada.  Should  such  structures  be  found,  however,  it  is  not 
improbable  that  they  may  belong  to  forms  of  life  almost  as  much 
lower  than  the  Lingtdas  and  Trilobites  of  the  Cambrian  as  these  are 
inferior  to  the  fishes  and  reptiles  of  the  Mesozoic. 


Discission. 

Mr.  Hicks  said  that  the  author  had  traced  the  existence  of  these 
phosphatic  nodules  considerably  lower  in  America  than  had  been 
done  in  England.  He  was  inclined  to  accept  the  view  of  their 
organic  origin,  seeing  that  in  England  certainly  the  abundance  of 
phosphates  depends  on  that  of  organic  life.  The  phosphate  was  due 
chiefly  to  the  shell  and  to  the  decomposition  of  the  substance  of  the 
body  of  the  animals. 

Mr.  Keeping  remarked  that  the  presence  of  graphite  in  these  rocks 
had  been  ascribed  to  plants ;  if  so,  the  deposit  was  formed  not  far 
from  shore,  and  consequently  we  should  not  get  that  freedom  from 
sediment  which  is  necessary  for  the  production  of  an  extensive  de- 
posit of  animal  origin.  It  seemed  to  him  that  attributing  to  these 
deposits  an  animal  origin  was  like  going  round  to  the  back  door  when 
the  front  door  was  open ;  for  there  was  plenty  of  apatite  in  the 
igneous  rocks.  He  believed  that  even  in  later  ages,  when  life  was 
more  abundant,  no  workable  deposits  of  coprolite  nodules  had  been 
formed  where  now  found,  but  they  had  been  sifted  out  by  the  action 
of  water  from  older  deposits ;  for  example,  those  of  Cambridge  from 
the  Gault,  and  those  of  the  Bed  Crag  from  the  London  Clay. 
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34.  On  the  Ancient  Volcano  of  the  District  of  Scukmnitz, 
Hungary.    By  John  W.  Judd,  Esq.,  F.G.S.    (Read  April  26, 1876.) 

[Plats  XX.] 

Introductory. 

When,  two  years  ago,  the  conclusions  at  which  I  had  arrived  con- 
cerning the  relations  of  the  so-called  plutonie  rocks  to  those  of 
undoubted  volcanic  origin  in  the  Scottish  Highlands  were  laid  before 
this  Society,  it  was  suggested  by  the  late  Sir  Charles  Lyell  that  pro- 
bably no  series  of  igneous  rocks  would  be  found  to  offer  better 
illustrations  of  the  phenomena  which  I  then  described,  or  would 
furnish  more  valuable  opportunities  for  testing  the  truth  of  the 
general  conclusions  to  which  I  had  been  led,  than  the  old  volcanic 
masses  encircled  by  the  mountain-ranges  of  the  Carpathians. 
From  Mr.  Poulett  Scrope,  ever  ready  with  generous  aid  to  those 
who  devoted  themselves  to  the  studies  which  he  had  himself  so 
successfully  prosecuted  in  earlier  days,  a  suggestion  from  his  life- 
long friend  was  always  sure  to  meet  with  a  ready  response ;  and 
thus  I  found  myself  afforded  an  opportunity  of  continuing  the  ex- 
amination of  these  interesting  questions,  by  a  careful  study  of  the 
volcanic  rocks  of  Hungary  and  Transylvania.  From  both  the 
friends  I  was  privileged  to  receive  muoh  valuable  advice  in  pre- 
paring for  the  work  I  proposed  to  undertake ;  and  when  the  one 
was  taken  from  our  midst,  the  other  seemed  to  redouble  his  efforts 
to  counsel  and  aid  me  in  its  execution.  In  laying  before  this  So- 
ciety the  first  portion  of  the  results  of  an  investigation,  in  the  con- 
ception and  conduct  of  which  these  fathers  of  our  science  so  warmly 
interested  themselves,  it  is  impossible  to  avoid  giving  expression  to 
those  feelings  of  sadness  which  the  reflection  that  neither  of  them 
has  survived  to  witness  the  completion  of  my  task  so  powerfully 
awakens  within  me. 

There  is  probably  no  country  in  the  world  where  the  geologist 
finds  more  valuable  aid  in  carrying  on  his  researches  than  the 
Austrian  Empire.  The  Imperial  Geological  Institute  of  Vienna  has, 
under  the  successive  direction  of  Haidinger  and  Yon  Hauer,  issued 
geologically  coloured  copies  of  the  whole  of  the  165  sheets  of  the 
military  map  of  the  empire ;  and  these  have  been  accompanied  by 
most  valuable  memoirs  on  the  different  districts,  published  in  the 
well-known  *  Jahrbuch  '  of  the  institute.  Franz  von  Hauer  has, 
further,  completed  a  reduction  of  these  large-scale  maps  to  a  gene- 
ral map  consisting  of  twelve  sheets,  with  a  memoir  descriptive  of 
eich,  and  has,  finally,  in  his  most  valuable  and  useful  work  *  Die 
Geologic  und  ihre  Anwendung  auf  die  Kenntniss  der  Bodenbeschaf- 
fenheit  der  osterr.-ungar.  Monarchic,'  which  is  accompanied  by  a 
single-sheet  map  of  the  whole  country,  summarized  in  a  most  able 
manner  the  entire  mass  of  information  hitherto  obtained  con- 
cerning the  geology  of  the  empire.      Of  the  great  importance  of 
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the  palseontological,  petrographical,  and  chemical  researches  which 
have  been  carried  on  in  the  Vienna  Institute,  in  illustration  of  the 
work  done  in  the  field,  it  is  quite  unnecessary  to  speak  in  this 
place  ;  they  are  far  too  well  known  to  all  geologists  to  need  reca- 
pitulation. 

Nor  do  the  results  already  enumerated  by  any  means  exhaust  the 
mass  of  materials  which  the  geologist  finds  ready  to  aid  him  in  his 
researches  within  the  Austrian  dominions.  The  Geological  Institutes 
of  Vienna  and  Buda-Pest  still  continue  to  carry  their  valuable 
explorations  of  the  geology  of  the  country  into  still  greater  detail ; 
and  numerous  private  associations  of  scientific  workers  in  every 
state  of  the  Empire,  or  connected  with  its  several  universities,  con- 
stantly make  the  most  valuable  new  contributions  to  our  science. 

I  have  to  thankfully  acknowledge  the  very  great  liberality  and 
courtesy  with  which  the  various  sources  of  information  were  thrown 
open  to  aid  me  in  the  task  I  had  undertaken.  In  Vienna  the 
director  of  the  Beichsanstalt  and  his  colleagues  afforded  me  every 
facility  in  my  inquiries,  while,  in  the  University,  Prof.  Suess  and  Br. 
Neumayr,  and,  in  the  Hof-Mineralien-Cabinet,  Prof.  Tschermak  and 
Dr.  Brezina  rendered  me  equally  kind  assistance.  In  Buda-Pest, 
Prof.  Szabo,  at  the  University,  and  Dr.  von  Hantken,  as  director  of 
of  the  Hungarian  Survey,  spared  no  pains  in  affording  me  all 
needful  help ;  while  in  Schemnitz  I  had  the  most  ready  aid  of  the 
veteran  geologist,  Von  Pettko,  of  Directors  Pceschl,  and  Pech,  and 
of  Prof.  Winkler  of  the  Berg-Akademie. 

In  spite,  however,  of  all  the  important  assistance  afforded  by  the 
labours  of  preceding  investigators,  the  student  of  the  Hungarian 
volcanic  rocks  finds  himself  placed  in  one  respect  at  a  great  disad- 
vantage, in  comparison  with  the  opportunities  which  he  enjoys  in 
examining  the  similar  rocks  in  Scotland.  The  absence  of  the  mag- 
nificent sea-cliffs  with  their  extensive  and  wonderfully  clear  sections 
(which,  as  I  have  shown,  afford  us  such  invaluable  aid  in  determining 
the  true  relations  of  the  various  rook-masses  in  the  latter  country) 
constitutes  a  great  drawback  to  the  successful  investigation  of  the 
structure  of  the  Hungarian  volcanos ;  and  a  further  difficulty  is 
created  by  the  circumstance  that  very  large  portions  of  the  country 
are  covered  by  almost  impenetrable  forests.  The  analogies  which 
are  presented  by  a  district  of  which  the  internal  structure  is  so 
admirably  exposed  by  denuding  agencies  as  is  that  of  the  Western 
Isles  of  Scotland,  may  therefore  be  not  unreasonably  supposed  capa- 
ble of  throwing  new  light  upon  the  more  intricate  and  difficult, 
because  less  clearly  exhibited,  relations  of  the  volcanic,  plutonic, 
metamorphic  and  sedimentary  rock-masses  of  Hungary  and  Tran- 
sylvania. 

There  is  no  portion  of  the  Transleithan  provinces  of  the  Austrian 
Empire  in  which  the  characters  and  relative  positions  of  the  different 
volcanic  rocks  can  be  so  conveniently  studied  as  in  the  district 
which  surrounds  the  famous  old  mining-towns  of  Schemnitz, 
Kremnitz,  and  Konigsberg.  And  perhaps  few  areas  could  be  named 
which,  within  so  small  a  space,  present  rock-masses  in  more  puzzling 


Digitized  by  VjOOQ IC 


294  J.  W.  JTTDD  05  THE  ANCIENT  V0LCAX0  OF 

and  apparently  inexplicable  relations,  or  concerning  the  true  inter- 
pretation of  the  structure  of  which  greater  diversities  of  opinion 
have  existed  among  geologists.  If,  therefore,  I  venture  on  this 
occasion  to  offer  a  new  explanation  of  the  phenomena  of  a  district 
which  has  already  been  so  patiently  and  accurately  studied  and  so 
often  described  by  able  geologists,  it  is  not  in  any  spirit  of  presump- 
tion, but  rather  from  the  conviction  that  what  is  necessary  to  the 
more  perfect  elucidation  of  the  singularly  involved  questions  con- 
cerning the  age  and  relations  of  the  different  geological  formations 
of  the  district  is  the  means  of  comparison  with  another  area  in  which 
the  rock-masses  are  more  perfectly  exhibited.  And  such  a  key  to 
the  right  understanding  of  the  often  perplexing  and  sometimes 
seemingly  contradictory  phenomena  presented  by  the  Hungarian 
rocks,  I  hope  to  show  in  the  present  memoir,  is  afforded  by  those 
districts  of  Scotland  which  furnish  us  with  such  singularly  favour- 
able opportunities  for  geological  research.  And  if ,  as  I  hope  to 
make  manifest  in  the  sequel,  harmony  and  simplicity  are  by  this 
explanation  introduced  where  all  before  was  complication  and  con- 
fusion, the  circumstance  may  be  fairly  claimed  as  an  additional 
confirmation  of  the  truth  of  the  solution  offered. 

In  treating  this  question  it  will  be  most  convenient  to  present, 
in  the  first  place,  a  general  sketch  of  the  universally  accepted  facts 
concerning  the  geological  structure  of  the  district  in  question,  and, 
in  the  second,  to  discuss  the  various  interpretations  which  have  been 
offered  with  a  view  to  explaining  the  origin  of  that  structure. 

Pabt  I. — Sketch  of  the  Geological  Structure  of  the  Schemnitz 
District 

The  volcanic  rocks  of  the  Schemnitz  district  cover  an  area 
about  50  miles  in  diameter.  It  will  not  be  necessary  for  our  pre- 
sent purpose  to  notice  in  detail  the  various  sedimentary  formations 
of  more  ancient  date,  through  which  these  Tertiary  volcanic  masses 
have  been  erupted,  and  upon  which  they  are  seen  at  many  points  to 
be  superimposed ;  suffice  it  to  remark  that  the  rocks  subjacent  to 
those  igneous  formations  with  which  we  are  more  particularly  en- 
gaged in  the  present  memoir  include  many  old  granitic  and  meta- 
morphic  masses,  together  with  representatives  of  nearly  the  whole 
series  of  fossiliferous  strata,  from  the  Trias  to  the  Eocene  Nummu- 
litic  inclusive — and  that  the  whole  succession  of  Secondary  and  older 
Tertiary  rocks  in  this  district  appears  to  have  been  continuously 
deposited,  and  without  any  of  those  great  breaks  which  are  indi- 
cated either  by  a  sudden  change  in  fauna  or  by  wide-spread  physi- 
cal unconformity  between  them. 

The  outer  portion  of  the  great  tract  of  volcanic  rocks  which  we  are 
here  considering,  constitutes  a  broad  girdle  consisting  of  lavas  with 
their  associated  agglomerates  and  tuffs  ;  these,  reduced  by  denuda- 
tion to  a  number  of  more  or  less  isolated  mountain-masses,  from 
3000  to  4000  feet  above  the  sea,  and  almost  everywhere  covertd  by 
dense  forests,  overlook  the  central  depressed  area  in  which  lie  the 
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well-known  mining-towns  of  Schemnitz,  Kremnitz,  and  Konigsberg, 
with  numerous  populous  villages,  and  the  health-resorts  of  Eisen- 
bach  and  Glashiitte,  which  enjoy  a  considerable  local  celebrity. 
Traversing  this  area  in  a  diagonal  direction  from  north-east  to  south- 
west is  the  deep  valley  of  the  Gran,  one  of  the  most  considerable 
feeders  of  the  Danube. 

The  lavas  which  everywhere  compose  the  outer  mountain  girdle 
of  the  Schemnitz  district  are  all  of  the  type  intermediate  between 
the  acid  quartz-trachytes  and  the  basic  basalts.  In  all  of  them  the 
predominating  felspar  is  plagiodase ;  and  they  therefore  belong  to 
the  class  of  igneous  rocks  now  very  generally  called  "  andesites," 
and  not  to  the  true  or  sanidine- trachytes,  in  which  latter  the  most 
abundant  felspar  is  always  orthoclase.  With  regard  to  the  exact 
species  of  felspar  which  constitutes  the  principal  portion  of  the 
widely  spread  Hungarian  lavas,  the  researches  made  by  Karl  von 
Hauer,  in  the  laboratory  of  the  Reichsanstalt  of  Vienna,  and  those 
by  Prof.  Szabo,  of  the  University  of  Buda-Pest,  lead  to  closely  con- 
cordant results — the  former  being  made  by  the  ordinary  analytical 
methods,  and  the  latter  by  the  application  of  Bunsen's-flame  reactions, 
in  a  manner  devised  by  the  Hungarian  Professor  himself  for  dis- 
tinguishing the  chemical  composition  of  minute  quantities  of  mine- 
rals contained  in  rocks*.  Prom  the  researches  of  both  these  in- 
vestigators it  appears  that  the  principal  ingredient  of  the  Schem- 
nitz lavas  is  a  lime-soda  felspar,  sometimes  approaching  to  the 
labradorite  and  at  others  to  the  andesine  type.  These  so-called 
andesite  rocks  have  been  further  classed  by  Tschermak  and  Doelter, 
according  to  the  additional  constituents  which  distinguish  them,  into 
augite-andesites,  hornblende- andesites,  and  mica-andesites.  The 
resemblance  of  these  modern  andesite  lavas  to  the  old  "porphy- 
rites"  of  Devonian  and  Carboniferous  age,  in  Scotland,  is  very 
striking;  in  the  volcano  of  Santorin,  rocks  of  precisely  similar 
chemical  and  mineralogieal  character  are  being  erupted  at  the 
present  day. 

The  most  interesting  feet  with  regard  to  the  constitution  of  these 
Hungarian  lavas,  which  in  the  central  parts  of  their  masses  are 
often  found  to  assume  a  very  coarsely  crystalline  and  almost  granitic 
character,  while  their  outer  portions  present  a  strikingly  scoriaceous 
or  slaggy  appearance,  remains  to  be  noticed.  It  is  that  though  the 
predominant  felspar  in  them  is  always  of  the  basic  type,  yet  they 
not  unfrequently  contain  free  quartz^  sometimes  in  very  large  pro- 
portion. This  free  quartz  is  in  some  cases  found  to  constitute  large 
irregular  crystalline  grains  in  the  mass,  just  like  those  of  the  ordinary 
orthoclase  quartz- trachytes  ;  but  at  other  times  its  presence  can  only 
be  detected  by  the  microscope  in  thin  sections.  These  quartziferous 
andesites  were  by  Stache,  who  first  clearly  pointed  out  their  true 
character,  styled  u  Dacites,"  from  the  circumstance  of  their  preva- 
lence in  Transylvania  (the  ancion$  "  Dacia ").  They  find  their 
exact  analogues,  among  the  more  ancient  volcanic  rocks,  in  the 

*  Ueber  eino  neue  Methode  die  Felspathe  auch  in  Gesteinen  zu  bestimmen, 
Ton  Dr.  Josef  Scabo.    (Hungarian  edition,  1873 ;  German  edition  in  1876.) 
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"quaitz-porphyrites."  Hie  ^didtes,"  or  quartz-andesites,  are 
not  of  frequent  occurrence  in  the  Schemnitz  district,  but  are  seen 
at  a  few  points,  as  the  Hodritseh  Thai  near  Schemnitz,  the  Kopa- 
nitzer  Thai  near  Dilln,  and  the  Berg  Szitnya  near  Sz.  Antal ;  but 
in  some  other  parts  of  Hungary  and  throughout  Transylvania  they 
have  a  very  wide  distribution. 

The  agglomerates,  tuns,  and  ash-beds  which  are  associated  and 
alternate  with  the  sheets  of  lays  are  almost  wholly  made  up  of 
fragments  of  volcanic  rock,  sometimes  mingled  with  portions  of  the 
subjacent  sedimentary  deposits.  In  some  places  the  agglomerates 
consist  of  irregular  masses  of  all  dimensions,  including  blocks  of 
prodigious  size  and  weight,  confusedly  heaped  together ;  at  others 
they  pass  into  the  most  perfectly  stratified  tuns  and  ashes.  Such 
stratification  in  the  ejected  volcanic  lapilli  and  sand  must  not,  how- 
ever, in  the  absence  of  marine  or  freshwater  organic  remains,  be  ac- 
cepted as  any  proof  of  their  having  been  accumulated  beneath  water; 
for,  as  we  know  from  the  example  of  many  recent  volcanos,  ejected 
materials  in  falling  through  the  air,  or  while  being  swept  down  the 
mountain-elopes  in  those  torrents  of  mud  so  characteristic  of  great 
volcanic  outbursts,  may  assume  the  most  perfectly  stratified  and  even 
finely  laminated  condition.  The  masses  of  volcanic  agglomerate,  as 
well  as  the  rocks  on  which  they  rest,  are  frequently  seen  to  be 
traversed  by  numerous  dykes  of  lava. 

The  more  finely  divided  tuns  and  ashes  are  not  unfrequently 
found  to  contain  numerous  remains  of  plants.  These  have  been 
most  carefully  studied,  and  their  relations  to  the  existing  flora  and 
to  those  of  earlier  geological  periods  very  clearly  determined  by 
Unger,  Ton  Ettingshausen,  Kovats,  Andrae,  Heer,  and  Stur.  From 
the  examination  of  these  plant-remains  we  are  enabled  to  infer  the 
conditions  of  climate,  soil,  and  elevation  which  distinguished  the  old 
land  on  which  these  volcanic  eruptions  took  place.  Besides  the 
plants,  some  remains  of  terrestrial  mollusca,  reptiles,  and  mammals 
have  also  been  found  imbedded  in  these  volcanic  tuns. 

That  these  agglomerates,  tuffs,  and  ashes  were  formed  by 
the  ordinary  explosive  volcanic  action,  there  is,  I  think,  not  the 
smallest  room  to  doubt ;  and  that  the  volcano  which  they  helped 
to  build  up  was  a  subaerial  one,  there  is  also  abundant  proof. 
That,  as  is  so  common  among  volcanic  cones,  numerous  ponds, 
marshes,  and  even  lakes  of  considerable  size,  were  successively 
formed  and  filled  up  by  the  ejected  materials  and  sediments  derived 
from  them,  is  also,  I  believe,  rendered  sufficiently  clear  from  the 
lacustrine  deposits  with  remains  of  freshwater  mollusca  and  fishes 
which  are  so  frequently  found  alternating  with  the  agglomerates  and 
lavas.  But  it  is  also  evident  that  the  ancient  volcanos  of  Hungary, 
like  so  many  existing  ones,  rose  directly  from  the  margin  of  the 
ocean,  or  rather  of  a  more  or  less  isolated  inland  sea,  with  semi- 
marine  or  brackish-water  conditions.  That  into  some  of  the  de- 
pressions among  the  great  volcanic  masses  of  Schemnitz  the  sea 
must,  from  time  to  time,  have  had  access,  is  proved  by  the  marine 
~  brackish-water  shells  found  in  the  basins  of  Handlova  and  Kybnik, 
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both  of  which,  however,  are  on  the  outer  margin  of  the  volcanic 
area  in  question. 

It  would  lead  me  too  far  from  the  main  object*  of  the  present 
memoir  were  I  to  attempt  any  thing  like  an  analysis  of  the  splendid 
flora  associated  with  these  tuffs,  numbering  as  it  at  present  does 
many  hundreds  of  species.  Suffice  it  at  present  to  notice  that 
in  the  opinion  of  Th.  Fuchs,  the  greatest  living  authority  on  the 
subject  of  the  Tertiaries  of  Eastern  Europe,  they  indicate  the  exist- 
ence at  the  period  of  these  volcanic  outbursts  of  a  warm  temperate 
climate — and  that  the  nearest  living  analogues  of  the  plants  of  the 
period  are  now  found  in  Asia  Minor,  the  Caucasus,  the  Himalaya, 
Central  and  Northern  Asia,  and  Japan. 

The  exact  period  of  the  grand  outbursts  of  andesitic  lavas  and 
agglomerates  in  Hungary,  which  gave  rise  to  the  formation  of  a 
series  of  volcanos  exceeding  Etna  in  dimensions,  the  relics  of  one 
of  which  we  are  now  studying  in  detail,  is  fixed,  by  means  of  the 
palseontological  evidence  we  have  above  alluded  to,  as  that  of  the 
"  Sarmatische  Stufe,"  a  geological  horizon  which  may  be  paralleled 
with  that  of  the  beds  which  in  Western  Europe  are  classified  as 
the  Miocene  proper  of  Beyrich,  or  the  Upper  Miocene  of  Lyell. 

The  structure,  then,  of  the  girdle  of  volcanic  rocks  which  sur- 
rounds  the  Schemnitz  mining-district  is,  as  will  have  appeared  from 
the  foregoing  description,  sufficiently  simple  and  intelligible.  We 
see  in  it  the  ruins,  greatly  wasted  by  denuding  causes,  of  an 
enormous  volcanic  cone,  built  up  both  by  eruptions  from  its  centre 
and  also  by  innumerable  outbursts  upon  its  flanks. 

But  when  we  proceed  to  examine  the  central  area  which  the 
great  girdle  of  lavas  and  tuffs  encircles,  we  discover  a  series  of  rocks 
presenting  the  most  complicated  and  puzzling  relations  with  one 
another. 

We  may  notice, in  the  first  place  (see  Plate  XX.),  the  masses  of  strati- 
fied rocks,  including  dolomitic  limestones,  with  sandstones  and  shales, 
containing  fossils  which  clearly  show  that  they  are  of  the  age  of  the 
Werfener  Schichten  (Lower  Trias),  and  upon  which  is  seen  resting  at 
one  point,  namely  near  Eisenbach,  a  small  patch  of  Eocene  lime* 
stone  crowded  with  Nummulites.  Very  intimately  associated  with 
these  sedimentary  rocks,  of  which  the  exact  geological  age  is  thus 
rendered  perfectly  clear  by  their  contained  fossils,  we  find  a  series 
of  uniossiliferous  and  highly  metamorphic  rocks,  consisting  of  crys- 
talline limestone,  quartzite  and  quartz-schiefer,  various  schistose 
rocks,  gneiss,  and  aplite  or  granuhte.  In  equally  close  connexion 
with  these  metamorphic  rocks  we  find  a  number  of  clearly  intru- 
sive igneous  masses,  consisting  of  greenstone  or  diorite,  and  of  rocks 
which  have  been  almost  universally  classed,  by  the  geologists  who 
have  studied  the  district,  as  "  syenite  and  granite." 

By  all  the  earlier  writers  on  the  geology  of  the  Schemnitz  area, 
this  central  mass  of  metamorphic  and  igneous  rocks  was  regarded 
as  being  of  Primary  age  ;  but  it  has  been  gradually  made  clear  by 
later  observations  that,  so  far  as  the  so-called  "  greenstones "  are 
concerned,  they  are  undoubtedly  connected  with  the  Tertiary  ande- 
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sites  of  the  surrounding  volcanic  girdle,  and  indeed  pass  into  the 
latter  by  the  most  insensible  gradations ;  hence  by  the  more  modern 
writers  on  the  district  they  have  been  called  "  greenstone-trachytes/* 
while  Eichthofen  suggested  for  them  the  name  of  "  propylitea,"  a 
term  which  has  not,  however,  met  with  any  thing  like  general 
acceptance  among  penologists. 

The  "  greenstone-trachytes  "  of  Hungary  are  rocks  usually  con- 
sisting of  a  more  or  less  felspathic  base,  in  which  large  crystals  of 
plagioclase  felspar  with  others  of  hornblende  and  mica  are  im- 
bedded, so  as  to  give  them  a  more  or  less  strikingly  porphyritic 
character.  In  places,  however,  the  rock  becomes  granular,  and 
sometimes  almost  compact,  in  which  cases  it  is  dark-coloured  and  is 
known  locally  as  "  aphanitic  greenstone."  Occasionally  this  rock 
is  found  to  contain  spherical  oonoretionary  masses,  and  is  then 
known  as  "  Kugelgriinstein ;"  sometimes  it  contains  irregular 
cavities,  which  are  lined  with  various  crystallized  minerals.  Occa- 
sionally the  greenstone-trachytes  contain  grains  of  free  quartz, 
and  so  pass  into  "  dacites  "  or  quartziferous-andesites  of  porphy- 
roid  or  granitoid  structure.  Such  rocks  present  the  closest  analo- 
gies with  the  quartz-diorites  of  the  older  geological  periods. 

The  greenstone-trachytes  are  clearly  intrusive  rocks,  and  are 
found  traversing  the  Triassic  strata  in  dykes,  and  also  enclosing  in 
their  midst  enormous  masses  of  these  latter  deposits,  which  have 
been  subjected  to  intense  metamorphism.  Many  portions  of  these 
greenstone-trachytes  have  undergone  great  alteration,  evidently 
through  having  been  traversed  by  acid  vapours ;  and  they  now  con- 
tain, disseminated  through  their  mass,  large  quantities  of  pyrites 
and  other  metallic  minerals,  including  gold  and  silver.  The  rock 
occasionally  assumes  a  brecciated  appearance  and  would  appear  at 
tiroes  to  constitute  a  true  "  friction-breccia  ;*  some  of  the  masses 
which  have  been  most  profoundly  altered  by  the  percolation  through 
them  of  acid  gases  have  assumed  a  white  and  earthy  appearance, 
and  have  been  called,  though  erroneously,  "  greenstone-tuffs." 
The  greenstone-trachytes  are  traversed  by  veins  of  quartz,  often  of 
large  size,  which  constitute  the  principal  receptacles  of  those  valu- 
able metallic  ores  for  which  the  district  is  so  famous.  These 
metallic  lodes  traverse  the  so-called  "  syenite  and  granite,"  the 
"  greenstone-trachyte,"  and  the  various  stratified  rocks  through 
which  these  igneous  masses  have  been  extruded.  The  most  pro- 
ductive deposits  of  ore,  however,  appear  to  be  found  near  the 
junctions  of  the  intrusive  masses  with  the  metamorphosed  sedimen- 
tary rocks. 

The  beautiful  so-called  syenitic  rock  of  the  Schemnitz  area  forms 
four  distinct  bosses,  which  are  surrounded  by  highly  metamor- 
phosed rocks,  and  are  at  the  same  time  very  intimately  associated 
with  the  greenstone-trachytes.  The  rock  in  question  is  a  per- 
fectly crystalline  aggregate,  either  coarse  or  fine-grained,  and  occa- 
sionally porphyritic  in  structure.  So  strikingly  granitic  is  its  aspect, 
that  all  geologists  who  have,  studied  the  district  have  named  the 
rock  either  syenite  or  granite,  according  to  the  absence  or  presence 
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in  it  of  free  quartz.  Microscopic  study  of  this  rock,  however, 
shows  that  its  predominating  constituent  is  always  a  plagioclase 
felspar,  to  which  hornblende  and  mica,  and  a  variable  quantity  of 
orthoclase  is  added.  This  rock  ought  therefore,  it  is  clear,  to  be 
classed  with  the  diorites  rather  than  with  the  syenites ;  but  its 
felspar  is  probably  not  oligoclase  but  labradorite.  When,  as  is 
frequently  the  case,  a  considerable  quantity  of  free  quartz  is  present 
in  it,  the  rock,  though  called  a  "  granite,"  should  be  rather  referred 
to  the  quartziferous  diorites.  The  rook  with  which  these  granitic 
masses  of  Hungary  appear  to  have  the  closest  points  of  resemblance 
is  the  so-called  granite  of  the  Adamello  group  in  the  Alps,  which 
Vom  Bath  has  distinguished  under  the  name  of  Tonalite.  Of  the 
exact  relations  of  these  bosses  of  granitic  rock  in  the  Schemnitz 
district  to  the  stratified,  metamorphic,  and  volcanic  rocks  which 
surround  them  we  shall  have  to  treat  more  fully  in  the  sequel. 

Besides  those,  volcanic  rocks  of  the  Schemnitz  area  already  de- 
scribed, and  which  belong,  as  we  have  seen,  to  the  class  intermediate 
in  composition  between  the  acid  and  basic  types,  there  are  evidences 
of  a  number  of  eruptions  of  rocks  of  totally  different  composition, 
almost  all  of  which  are  of  later  date  than  the  widely  spread  ande- 
sitic  lavas  of  Hungary.  They  belong  either  to  the  extremely  acid 
class  (of  liparites,  perlites,  obsidians,  &c.)  or  to  the  extremely  basic 
type  (basalts  and  augite-andesites). 

Of  certainly  later  date  than  the  great  masses  of  amphibolerande- 
sites,  with  their  associated  "  greenstone-trachytes "  and  dacites 
(propylites),  are  those  interesting  rhyolitic  rocks  which  rise  in  the 
very  centre  of  the  district  we  are  describing.  They  are  espe- 
cially well  exposed  at  Konigsberg,  near  Vichnye  (Eisenbach),  in 
the  Hliniker  Thai,  and  in  the  country  north  of  the  Gran,  extending 
from  Heiligen  Kreuz,  nearly  as  far  as  Kremnitz  (see  the  map  and 
section,  Plate  XX.).  These  rocks  present,  in  their  chemical  com- 
position, in  their  mineralogical  constitution,  and  in  their  general 
features,  the  most  marked  contrasts  with  the  andesitic  rocks  which 
cover  so  large  a  portion  of  the  surrounding  country.  The  Hungarian 
rhyolites  contain  from  70  to  81  per  cent,  of  silica ;  the  proportion 
of  iron  and  of  the  alkaline  earths  is  very  small  in  them,  while  that 
of  the  alkalies  is  very  high,  the  quantity  of  the  potash  usually  ex- 
ceeding that  of  the  soda.  These  rhyolites  always  contain  free 
quartz,  sometimes  in  considerable  quantity;  the  predominating 
felspar  in  them  is  always  orthoclase;  and  their  other  principal 
ingredients  are  hornblende  and  biotite,  which  occur  sometimes 
separately,  and  at  others  in  association  with  one  another. 

The  features  of  greatest  interest  presented  by  these  rhyolitic 
rocks,  however,  are  those  connected  with  their  structure.  They  ex- 
hibit, as  is  so  constantly  the  case  with  rocks  of  the  most  acid  class, 
a  great  tendency  to  assume  the  vitreous  character ;  and  hence  arise 
all  those  interesting  modifications  of  rock-structure  which  were 
first  clearly  described  by  Beudant  in  1822,  and  which  have  made 
the  locality  of  Hlinik  so  famous  among  penologists. 

In  the  Schemnitz  district,  however,  the  rhyolitic  rocks  are  seldom 
Q.  J.  G.  S.  No.  127.  t 
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found  assuming  the  perfectly  glassy  character  and  becoming  true 
obsidians,  like  those  of  Lipari,  Iceland,  Mexico,  Ascension,  &c; 
their  lustre  scarcely  ever  passes  beyond  the  semivitreous  or  resi- 
nous ;  and  hence  they  may  be  rather  classed  with  the  pitchstones, 
or,  being  frequently  porphyritic  in  structure,  with  the  "  pitchstone- 
00^^08."  Throughout  Hungary,  indeed,  true  obsidians  are  very 
rare ;  and  although  most  interesting  varieties  of  this  rock  of  black, 
red,  and  green  colours  are  found  in  the  Tokay-Hegyalja,  some  of 
which  have  been  well  described  by  Vogelsang,  yet,  so  far  as  my  own 
observations  go,  these  never  form  large  rock-masses  as  in  Lipari,  but 
occur  only  as  "  Saalbands  "  on  the  sides  of  intrusive  dykes  of  rhyo- 
litic  or  quartz-trachyte  rock. 

Of  the  different  varieties  of  the  curious perlitic  variety  of  structure, 
however,  the  Hungarian  rhyolites,  and  especially  those  of  the  vicinity 
of  Schemnitz,  afford  the  most  interesting  and  instructive  examples. 
Indeed  almost  all  the  vitreous  rocks  of  Hungary  exhibit,  under  the 
microscope,  the  presence  of  those  peculiar  and  little-understood 
spiral  and  concentric  structures  so  characteristic  of  perlite ;  and  in 
addition  to  these  we  frequently  find  various  modifications  of  true 
sphaerulitic  concretions  which  are  always  quite  independent  of,  and 
evidently  owe  their  formation  to  quite  different  causes  from  the 
former. 

Although  the  stony  and  slightly  vitreous  varieties  of  the  Schem- 
nitz rhyolites  frequently  assume  a  scoriaceous  character,  and  thus 
give  rise  to  the  formation  of  those  beautiful  "  millstone- porphyries" 
which  are  so  extensively  worked  at  Do  Sminje,  near  HHnik,  and  at 
Himmelreich,  near  Konigsberg,  yet  pumice  is  rare.  The  so-called 
pumice  of  the  Hliniker  Thai  presents,  indeed,  a  slight  approximation 
to  the  typical  characters  of  this  rock,  and,  under  the  microscope,  is 
seen  to  be  full  of  gas-pores ;  yet  the  sponge-like  character  which  in 
true  pumice  is  so  manifest  to  the  naked  eye,  is  almost  always  want- 
ing in  the  Hungarian  rock,  and  I  have  never  found  specimens  of  the 
latter  that  would  float  in  water.  This  may  in  part  be  accounted 
for,  no  doubt,  by  the  circumstance  that  the  rhyolitic  rocks  have  un- 
dergone a  very  considerable  amount  of  denudation,  by  which  the 
lighter  and  more  fragile  materials  would  be  easily  swept  away ;  but 
I  believe  there  is  also  evidence  that  a  considerable  amount  of  subsi- 
dence took  place  before  the  extrusion  of  these  rhyolitic  lavas,  and 
that  they  were  erupted  under  a  pressure  of  water  sufficient  to  pre- 
vent the  full  distention  of  the  liquefied  mass  by  the  escaping  gases 
and  vapours. 

Through  the  so-called  hornstone  modification,  the  semivitreous 
and  perlite  rocks  of  Hungary  graduate  into  the  stony  varieties. 
Theoe  exhibit  great  diversities  of  character,  being  sometimes  exceed- 
ingly compact  and  fine-grained,  and  at  others  highly  porphyritic,  in 
the  latter  case  frequently  exhibiting  approximations  towards  the 
granitic  structure.  The  beautiful  red  rhyolite  of  the  "  Stein- Meer,v 
near  Eisenbach,  containing  large  but  imperfect  double  pyramids  and 
rounded  grains  of  quartz,  is  almost  identical  in  appearance  and 
characters  with  many  quartz-porphyries  of  the  older  geological 
periods. 
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The  rhyolites  of  the  Sohemnitz  district  frequently  assume  those 
remarkably  banded  and  ribboned  structures  which  are  so  admirably 
exhibited  by  the  rocks  of  similar  composition  in  the  Ponza  Islands, 
Lipari,  Ascension,  &c.;  but,  as  I  propose  to  discuss  the  nature  and 
origin  of  this  remarkable  structure  in  all  these  instances  in  a  special 
communication  to  this  Society,  I  will  not  dwell  longer  on  the  subject 
on  the  present  occasion. 

With  regard  to  the  relations  of  the  rhyolitic  to  the  andesitic  rocks, 
there  is  fortunately  no  room  for  the  smallest  doubt,  inasmuch  as  the 
beautiful  natural  sections  of  the  Hliniker  Thai,  and  the  fine  artificial 
exposures  of  the  rocks  along  the  line  of  railway  which  has  recently 
been  carried  across  the  Carpathians  by  the  pass  of  Berg,  furnish  the 
geologist  with  abundant  evidence  upon  the  subject.  In  studying 
these  very  instructive  sections,  I  am  much  indebted  to  the  kind  aid 
of  Dr.  Gustav  Zechenter,  of  Kremnitz,  who  has  constructed  a  detailed 
geological  map  of  the  country  through  which  the  railway  passes. 
These  clear  sections  seen  in  the  railway-cuttings  show  that  the  rhy- 
olites  constitute  great  vertical  intrusive  masses,  forced  through  the 
midst  of  the  older  andesite  lavas,  and  that  the  tuffs  and  agglomerates 
belonging  to  the  former  class  of  rocks  always  overlie  those  of  the 
latter. 

The  tuffs  and  agglomerates,  which  are  not  unfrequently  associated 
with  the  rocks  of  the  rhyolitic  class,  are  in  many  localities  found  to 
yield  numerous  plant-remains.  The  rhyolitic  tuffs  of  Heiligen  Kreuz 
and  of  Jastraba,  south  of  Kremnitz,  are  especially  famous  for  the 
fine  floras  they  have  afforded.  These,  and  some  animal  remains 
found  with  them,  enable  us  to  fix  the  period  of  the  rhyolitic  out- 
bursts as  coinciding  with  the  latter  part  of  the  Miocene  epoch ;  and 
they  also  serve  to  show  that  the  chmatal  conditions  of  the  period 
were  considerably  more  temperate  than  during  the  great  andesitic 
eruptions,  the  flora  being  more  nearly  related  to  that  existing  in  the 
same  area  at  the  present  day. 

We  have  spoken  of  the  rhyolitic  as  younger  than  the  andesitic 
eruptions  of  the  Schemnitz  area.  There  is  proof,  indeed,  that  the 
great  volcano  built  up  by  the  earliest  and  grandest  ejections,  which 
supplied  SQch  prodigious  volumes  of  lavas  and  agglomerates,  had 
undergone  great  denudation,  and  was,  in  fact,  reduced  almost  to  a 
state  of  ruin  before  the  occurrence  of  the  second  series  of  eruptions 
in  their  midst.  The  former,  indeed,  sustain  to  the  latter  precisely 
the  same  relations  which  in  Auvergne  are  seen  to  subsist  between 
the  skeleton  volcanos  of  Mont  Dore,  the  Cantal,  and  the  Mezen,  and 
the  more  recent  volcanic  outbursts  (forming  the  u  puys ")  which 
have  taken  place  in  the  midst  of  their  ruins. 

Of  still  more  recent  date  than  the  rhyolites  of  the  Schemnitz  dis- 
trict are  the  sporadic  outbursts  of  basaltic  rocks,  of  which,  for  the 
most  part,  there  remain  only  the  central  lava  masses,  which  filled 
the  throats  of  these  small  volcanos  ("  puys  ").  Such  centres  of  vol- 
canic action,  now  marked  only  by  intrusive  plugs  of  basalt,  are  seen 
at  many  points  within  and  around  the  grand  old  volcano  of  the 
Schemnitz  district.    At  one  locality,  however,  namely  Ostra  Hora, 
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near  Heiligen  Kreui,  the  remains  of  a  central  cone  and  of  a  lava- 
stream  proceeding  from  it,  the  latter  broken  up  by  denudation  into 
miniature  plateaux  like  those  of  the  Auvergne,  can  be  very  distinctly 
traced,  as  was  long  ago  shown  by  Von  Pettko*. 

The  basalts  of  the  Schemnitz  district  exhibit  some  very  interest- 
ing diversities  in  character.  In  some  instances,  like  that  of  the 
well-known  Calvarien  Berg  of  Schemnitz,  they  contain  very  large 
quantities  of  olivine,  while  in  others,  as,  for  example,  the  intrusive 
mass  of  Gieshubl,  that  mineral  is  almost  wholly  wanting.  The 
latter  variety  constitutes  a  link  between  the  true  basalts  and  a  rock 
which  is  very  extensively  developed  in  Hungary,  consisting  of  a 
triclinic  felspar,  augite,  and  magnetite,  with  occasional  crystals  of 
hornblende.  These  are  the  rocks  now  usually  called  augite-ande- 
sites;  but,  according  to  Prof.  Szabo,  the  felspathic  ingredient  in 
them  may  be  any  variety  of  the  lime-soda  felspars,  from  andesine  to 
anorthite.  In  the  volcanic  district  of  the  Matra,  which  lies  to  the 
south-east  of  that  of  the  Schemnitz  area,  the  augite-anorthite  rocks 
are  very  extensively  developed ;  and  hence  Prof.  Szabo*  has  proposed 
for  this  particular  variety  of  the  augite-andesite  group  the  name  of 
"  matraite." 

With  regard  to  the  exact  age  of  the  basaltic  rocks  of  the  neigh- 
bourhood of  Schemnitz  we  have  not  such  clear  and  unmistakable 
evidence  as  in  the  cases  of  the  andeeitic  and  rhyolitic  varieties. 
But  it  is  manifest  that  while  these  basaltic  rocks  are  certainly 
younger  than  the  rhyolites,  they  must  nevertheless  be  of  consider- 
able antiquity,  seeing  how  greatly  they  have  suffered  from  denuda- 
tion. As  we  have  in  othor  parts  of  Hungary,  as  well  as  Transylvania 
and  Styria,  good  palseontological  evidence  that  numerous  outbursts 
of  rock  of  precisely  similar  character  to  the  basalts  of  Schemnitz 
took  place  during  the  formation  of  the  Congerian  and  Inzendorf 
beds,  we  can  scarcely  be  wrong  in  assigning  the  latter  volcanic  rocks 
to  the  same  age — that  is,  to  the  older  portion  of  the  Pliocene 
period. 

We  have  spoken  of  the  outburst  of  the  andesitic,  rhyolitic,  and 
basaltic  lavas  of  the  Schemnitz  area  as  taking  place  successively;  it 
must  not,  however,  be  assumed  that  the  production  of  the  different 
varieties  of  volcanic  materials  at  this  igneous  centre  can  be  corre- 
lated with  sharply  defined  and  distinctly  separated  geological  periods. 
On  the  contrary,  it  is  clear  that  although  the  great  mass  of  the  an- 
desitic lavas  was  erupted  before,  and  most  of  the  basalts  subse- 
quently to  the  rhyolites,  yet  the  three  periods  of  eruption  of  dif- 
ferent classes  of  rock  to  some  extent  overlapped  one  another.  In- 
deed at  Zapolenka,  near  Hodritsch,  we  find  evidence,  as  Yon  Pettko 
has  so  well  shown  t,  that  a  cone  and  lava-stream  of  comparatively 
modern  date  exist ;  for  its  features  can  be  distinctly  traced.  The 
lava-stream,  it  is  clear,  must  have  dammed  up  the  river-course,  and 

*  "GeognoBtische  Skizze  der  Gegend  von  Kremnitz,  von  Johann  von  Pettko," 
Haidinger  s  '  NaturwissenBohaftliche  Abhandlungeii,'  Bd.  i.  (Wien,  1847)  p.  302. 

t  "  Ueber  den  erloscbenen  Vulcan  Zapolenka  in  der  Nahe  von  Schemnitz, 
von  Herrn  Johann  von  Pettko,"  Haidinger,  Bericht  vi.  (1850)  p.  168. 
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tiros  given  rifle  to  the  formation  of  a  rather  extensive  lake,  which 
has  been  partially  filled  up  with  sediments  and  then  drained  by  the 
cutting-through  by  the  stream  of  the  barrier  of  lava  which  retained 
it.  This  comparatively  modern  stream  of  lava,  however,  is  of  ande- 
sitic  composition;  and  the  cone  is  formed  by  scoriae  of  the  same 
rock. 

The  following  table  exhibits  the  average  composition  of  the  most 
characteristic  varieties  of  volcanic  rock  which  have  been  erupted  in 
Hungary.  These  averages  have  been  calculated  from  a  considerable 
number  of  published  analyses. 

tiftt  I33S  **£-  **&>■ 

Specific  gravity    ..  2-375          2-629  2-643  2-715 

Silica    73-49  6503  5849  56-21 

Alumina 13-63  14-80  20-45  17-26 

Oridesoflronandl        2J            g  7<65  U.K 
Manganese     J 

Lime 1-24            3-61  5-58  6-79 

Magnesia 0-32            101  1-72  1-49 

Alkalies    7-23            5-58  649  4-43 

The  quantities  of  soda  and  potash  are  not  given  separately  in  these 
averages;  for  in  the  analyses  of  Von  Sommaruga,  on  which  they  are 
baaed,  the  separation  of  the  alkalies  was  effected  by  a  method  which, 
as  has  been  since  shown  by  Tschermak  and  Doelter,  does  not  yield 
reliable  results. 

The  volcanic  formations  of  Hungary  offer  some  peculiarities  of 
great  interest,  especially  in  the  remarkable  abundance  of  rocks 
mainly  composed  of  plagioclase  felspar,  with  or  without  free  quartz. 
To  the  British  geologist  they  are  of  especial  interest,  on  account  of 
their  numerous  and  striking  points  of  analogy  with  the  newer  Pa- 
laeozoic volcanic  rocks  of  Scotland.  Indeed  we  may  safely  assert 
that  the  Palaeozoic  hornblende-,  mica-,  and  augite-porphyrites  of  our 
own  island  present  the  exact  counterparts  of  the  Tertiary  hornblende-, 
mica-,  and  augite-andesites  of  Hungary ;  and,  excepting  in  the  condi- 
tion of  their  preservation,  I  know  of  no  grounds  whatever  for  placing 
them  in  different  categories,  and  assigning  to  them  distinct  names. 
Rocks  of  precisely  similar  composition  to  those  of  Hungary  are 
abundantly  developed  in  various  parts  of  the  Turkish  Empire ;  and 
in  the  island  of  Santorin,  as  we  have  already  remarked,  they  are 
being  erupted  at  the  present  day. 

No  contrast,  however,  can  possibly  be  greater  than  that  afforded 
by  the  volcanic  rocks  of  Hungary  on  the  one  hand,  and  those  contem- 
poraneously formed  in  Bohemia  and  Central  Germany  on  the  other. 
While,  in  the  former,  plagioclase  felspars  almost  always  predominate, 
even  when  the  rocks  are  highly  quartziferous,  in  the  latter  ortho- 
clase  is  everywhere  the  most  abundant  constituent,  occurring  in 
rocks  even  of  the  most  basic  type.     On  the  north-west  side  of  the 


Digitized  by  VjOOQ IC 


304  J.  W.  JUDD  09  THE  AJTCTKNT  TOL0AKO  OF 

Carpathian  chain,  lencite,  sodalite,  nepheline,  nosean,  and  hauyne  are 
most  abundant  rock-forming  constituents;  while  on  the  south-oast 
of  that  mountain-range  these  minerals  appear  to  be  wholly  unknown. 
A  glance  at  the  ultimate  analyses  of  series  of  the  Tertiary  volcanic 
rocks  of  Hungary  and  Bohemia  respectively  will  show  that  while 
potash  is  an  abundant  constituent  in  the  latter,  it  is  present  only  in 
very  small  proportion  in  the  former. 

La  no  way,  perhaps,  will  it  be  possible  to  make  this  contrast  in 
composition  between  the  volcanic  ejections  of  the  two  areas  more 
striking  than  by  placing  side  by  side  the  analyses  of  rocks  from  either 
of  them  which  contain  nearly  the  same  percentage  of  silica.  I.  is 
the  average  of  two  analyses  of  Bohemian  phonolites  by  Rammelsberg ; 
II.  the  average  of  three  analyses  of  Hungarian  augite-andesitee  by 
Doelter. 

i.  n. 

Silica    57-05  58*75 

Alumina 21-57  17-02 

Oxides  of  Iron  and  Manganese  2-91                  8-05 

lime  and  Magnesia 2*16                  9*43 

Potash 5-89                   1*26 

Soda 8*69                  3-50 

We  shall  not  here  stay  to  discuss  the  interesting  problem  which 
is  suggested  by  these  curious  differences.  Suffice  it  for  the  present 
to  notice  the  fact  that  while  on  the  one  side  of  the  Carpathian  chain 
nepheline-,  leucite-,  and  hauyne-basalts  with  various  phonolites  were 
building  up  the  vast  volcanos  of  Bohemia  and  Central  Germany, 
on  the  other  side  of  that  mountain-range  andesitic  lavas  with  some 
rhyolites  and  felspar-basalts  were  being  erupted  on  an  equally 
gigantic  scale.  In  the  two  districts  the  volcanic  activity  began, 
attained  its  climax  of  intensity,  and  fell  into  decline  in  correspon- 
ding geological  periods ;  yet  the  products  of  the  volcanic  action  in 
the  two  districts  are  as  different  from  one  another  as  it  is  possible 
to  conceive. 

Since  the  extinction  of  the  volcano  of  Schemnitz  the  igneous 
forces  have  given  rise  to  a  number  of  minor  symptoms.  Hot  springs 
(probably  forming  geysers  like  those  of  Iceland  and  the  Kooky 
Mountains)  have  deposited  enormous  quantities  of  siliceous  sinter 
(freshwater  quartz),  which  is  found  to  yield  at  many  points  the 
beautifully  preserved  remains  of  a  flora  not  very  different  from  that 
existing  at  the  present  day.  The  localities  of  Ilia,  Hlinik,  and 
Lutilla  are  particularly  famous  for  presenting  us  with  the  relics  of 
this  flora.  Other  springs,  like  those  so  abundant  in  Auvergne  and 
Central  Italy,  were  highly  carbonated,  and  have  deposited  enormous 
quantities  of  calcareous  tufa. 

Several  hot  ahd  mineral  springs  still  rise  in  the  midst  of  the  old 
volcanic  district  of  Schemnitz.  Two  of  these,  namely  those  of 
Vichnye  (Eisenbach),  which  has  a  temperature  of  101°  Fahr.,  and 
Skleno  (Glashiitte),  with  a  temperature  of  120°  Fahr.,  have  given 
origin  to  locally  famous  bathing-places.     At  both  points  a  consi- 
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derable  quantity  of  tufa  is  deposited  by  the  hot  springs.  We  shall 
show  in  the  sequel  how  large  a  part  must  probably  be  assigned  to 
the  action  of  mineral  springs  and  fumaroles  in  filling  those  fissures 
in  the  old  volcanic  rocks  of  the  Schemnitz  district  which  now  con- 
stitute its  far-famed  mineral  veins.  Some  of  these  are,  as  Yon 
Pettko  has  shown,  of  later  date  than  the  eruption  of  the  basalts. 

That  since  the  country  has  assumed  its  present  form  it  has  been 
visited  with  severe  earthquake-shocks,  we  have  sufficient  proof. 
Near  Eisenbach  there  occurs,  on  the  slope  of  a  mountain  composed 
of  quartz-trachyte,  a  most  remarkable  accumulation  of  gigantic 
blocks,  which  is  known  as  the  "  Stein-Meer."  Although  no  re- 
cord or  tradition  of  the  formation  of  this  singular  mass  of  debris 
appears  to  be  in  existence,  I  think  that  no  geologist  will  be  in- 
clined to  doubt  that  its  origin  must  be  assigned  to  the  secondary 
effects  of  some  great  earthquake-shock,  which  has  affected  the  dis- 
trict and  hurled  down  from  the  mountain-side  the  vast  masses 
already  conveniently  prepared  for  the  catastrophe  by  a  peculiar 
system  of  jointing. 

The  district  is  still  subject  to  earthquakes.  In  1854  and  1855 
three  shocks  were  felt  at  Schemnitz  within  the  space  of  nine  months, 
the  attendant  phenomena  and  effects  of  which  were  carefully  noted 
by  M.  Russegger*.  Each  shock  is  said  to  have  been  attended  with 
a  loud  noise,  like  the  report  of  a  cannon ;  and  the  whole  town  was 
violently  shaken.  The  vibrations  appear  to  have  followed  the  line 
of  the  principal  mineral  vein  of  the  district,  but  not  to  have  ex- 
tended to  any  very  great  distance  from  it.  The  secondary  effects  of 
the  shocks  seem  to  have  gradually  increased  to  greater  depths,  as 
was  proved  by  a  subsequent  careful  examination  of  the  workings  of 
the  mines ;  and  the  maximum  action  appears  to  have  been  experi- 
enced at  a  depth  of  between  600  and  700  feet  from  the  surface. 

Pabt  II. — On  the  Interpretation  of  the  Geological  Structure  of  the 
Schemnitz  District. 

Having  now  described  the  main  features  of  this  very  interesting 
district,  we  will  proceed  to  discuss  the  question  of  their  true  inter- 
pretation, and  endeavour  to  define  the  exact  relations  and  geological 
age  of  the  several  rock-masses  of  the  central  area;  for  on  these 
points  there  have  arisen,  as  we  have  before  remarked,  the  widest 
diversities  of  opinion  among  geologists. 

Without  attempting  to  notice  the  works  of  all  the  earlier  writers 
on  Hungarian  geology,  it  will  be  sufficient  if  in  this  place  we  make 
our  retrospect  of  geological  opinion  on  the  questions  at  issue  com- 
mence with  the  justly  celebrated  work  of  Beudantti  published  in 
1822.     The  distinguished  French  geologist,  as  is  well  known,  de- 

*  "  Das  Erdbeben  in  Schemnitz  am  31.  Januar.  1855,  von  J.  Busseger,"  Sitz- 
ungsber.  Wien.  Akad.  xr.  p.  368.  "Bericht  liber  das  am  30.  September,  1855, 
stattgefundene  Erdbeben,  yon  J.  Busseger,**  ibid.  xrii.  p.  479. 

t  Voyage  min6ralogique  et  geologique  en  Hongrie  pendant  l'annee  1818. 
3  rols.    Paris,  1822. 
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Toted  especial  attention  to  the  Schemnitz  area ;  and  the  conclusions 
at  which  he  arriYed  may  he  hriefly  stated  as  follows : — 

Bendant  seems  to  have  regarded  the  outer  girdle  of  andesitie 
rocks  as  being  formed  synchronously  with  the  whole  "  Secondary 
series,"  while  the  syenite  and  greenstone  of  the  central  area  he 
referred  to  the  earlier  "  Transition  period,"  and  the  metamorphic 
rocks  of  the  same  tract  to  the  Primary.  The  rhyolitic  and  basaltic 
rocks  he  justly  classed,  in  part  at  least,  as  Tertiary,  although, 
through  his  unfortunate  but  not  unnatural  mistake  of  confounding 
the  Pliocene  Congeria-beds  with  the  Eocene  Calcaire  grossier,  he 
threw  the  whole  too  far  back  in  time.  The  one  point  which  all  the 
earlier  geological  interpretations  of  the  district  appear  to  hare  had 
in  common  was  the  separation  of  the  gneiss,  granite,  syenite,  and 
diorite,  which  were  classed  as  Primary  and  Transition  rocks,  from 
the  trachytic  and  basaltic,  which  were  grouped  with  the  Secondary 
and  Tertiary. 

The  more  accurate  study  of  the  Tertiary  faunas  and  floras,  which 
was  initiated  by  the  labours  of  Lyell  and  Deshayes  in  Western 
Europe,  and  has  been  so  admirably  extended  to  the  east  of  Europe 
by  Homes,  Suess,  Yon  Hauer,  Euchs,  and  others,  soon,  however, 
led  to  the  recognition  of  the  fact  that  all  the  volcanic  rocks  of  the 
Schemnitz  area  belong  to  the  Tertiary  period,  and  even  to  the  latter 
half  of  it.  Thus  there  was  brought  about  a  wide  separation  of  the 
supposed  ancient  crystalline  "granites,  syenites,  and  diorites  w 
from  the  evidently  modern  "  trachytes." 

But,  at  the  same  time,  petrologists  began  to  recognize  the  circum- 
stance that  the  so-called  old  greenstones  or  diorites  of  the  district 
not  only  presented  the  most  remarkable  points  of  resemblance  to 
the  Tertiary  trachytes  or  andesites  by  which  they  were  surrounded 
on  all  sides,  but  that  in  many  instances  the  most  perfect  transition 
of  the  one  rock  into  the  other  could  be  clearly  traced.  As  early  as 
1848  we  find  Von  Pettko*  (to  whose  labours,  next  to  those  of  Beu- 
dant,  we  are  most  indebted  for  the  elucidation  of  the  structure  of 
the  complicated  Schemnitz  area)  making  the  declaration  that  "  there 
is  nothing  to  show  that  the  greenstone  of  this  district  is  older  than 
the  associated  trachyte,  while  the  frequent  transition  of  the  two 
rocks  into  each  other,  and  their  common  local  disposition,  forming 
together  the  great  ring-shaped  mountain-ridge,  decidedly  point  to 
their  synchronous  formation." 

As  this  conviction  of  the  intimate  connexion  existing  between  the 
Hungarian  trachytes  and  the  so-called  diorites  became  more  firmly 
established  in  the  minds  of  geologists,  the  latter  rocks  acquired  the 
name  of  "  greenstone-trachyte8.,,  This  view  of  the  relations  of  the 
two  classes  of  rocks  was  in  part  adopted  by  Richthofen,  when,  in 
1860f,  he  made  his  general  survey  of  the  Hungarian  volcanic  rock- 
masses  ;  and  at  a  later  date  this  author  suggested,  as  we  have  already 

*  Berichte  uber  die  Mittheilungen  yon  Freunden  der  Naturwueenachaften  in 
Wien,  Bd.  iii. 

t  "  Studien  aus  den  ungarisch-mebenburgischen  Trachytgetrirgen,"  Jahrbooh 
der  k>k.  Beichsanstalt  Wien,  Bd.  xi.  S.  153. 


Digitized  by  VjOOQ IC 


THE  DISTBICT  OF  SCHKMHITZ,  HTTNGABY.  307 

seen,  the  name  of  "  propylites"  for  the  "  greenstone-trachytes." 
Bichthofen,  however,  in  his  later  works,  appears  to  have  regarded 
his  u  propylites  *  as  of  slightly  older  date  than  the  trachytes, 
though  forming  part  of  the  same  series  of  igneous  outbursts  during 
the  Tertiary  period. 

At  the  present  day,  so  convinced  are  some  of  the  most  eminent 
petrologists  of  the  essential  identity  of  these  two  classes  of  rocks, 
in  Hungary,  the  Tertiary  greenstones  and  the  trachytes,  that  they 
make  no  distinction  whatever  in  the  terms  which  they  apply  to 
them — Tschermak  and  Doelter,  for  example,  calling  them  both 
"  hornblende-andesites,"  and  SzatxS  designating  them  equally  as 
"  trachytes." 

With  regard  to  the  stratified  and  metamorphio  rocks,  the  discovery 
of  fossils  in  some  of  the  less  crystalline  schists  and  limestones  has 
fully  established  their  Triassic  age.  An  isolated  mass  of  limestone- 
conglomerate,  which  occurs  near  Eisenbach,  is  crowded  with  Num- 
mulites,  and  therefore  clearly  belongs  to  the  Eocene.  With  respect 
to  the  more  altered  and  granitic  rocks,  namely  the  masses  of  gneiss, 
mica-schist,  quartzite,  crystalline  limestone,  &c,  with  the  intrusive 
syenite  and  granite,  it  was  suggested  by  Von  Adrian  in  1866*  that 
they  might  belong  to  the  Devonian,  an  opinion  that  was  adopted 
with  some  hesitation  by  Von  Lipoid  in  1867t ;  in  the  more  recent 
publications  of  the  Vienna  ReichsanstaltJ,  the  probability  of  their 
being  of  Dyas  or  Permian  age  is  entertained  by  Franz  von  Hauer. 
But  all  these  identifications  rest  upon  the  insecure  foundation  of 
mere  mineralogical  resemblance,  palaeontological  evidence  being 
entirely  wanting. 

Dr.  Daubeny,  who  paid  a  somewhat  hurried  visit  to  Hungary  in 
1823,  appears  to  have  been  greatly  impressed  by  the  complicated  re- 
lations of  the  granitic,  dioritic,  and  trachytic  masses  of  the  Schemnitz 
area  ;  and  in  1848§  he  made  the  remark  that  if  the  granitic  rocks  of 
this  district  could  be  regarded  as  of  equally  modern  date  with  the 
trachytes,  many  difficulties  in  the  interpretation  of  the  geological 
structure  of  the  area  would  thereby  be  removed.  Unfortunately, 
however,  he  had  no  opportunity  of  revisiting  the  country,  and  of 
testing  how  far  his  suggestion  might  be  tenable. 

It  is  in  this  important  suggestion  of  Dr.  Daubeny,  as  I  propose  to 
show,  that  the  true  key  to  the  correct  understanding  of  the  struc- 
ture of  the  Schemnitz  district  is  to  be  found. 

Beudant  is  undoubtedly  right  in  regarding  the  "granite  and 
syenite"  of  the  central  tract  at  Schemnitz  as  being  most  intimately 
associated  with  the  "  greenstone,"  and,  indeed,  as  forming  part  of 
the  same  mass.  So  strikingly  is  this  the  case,  that  in  none  of  the 
geological  maps  of  the  district  that  have  been  published  is  there 

*  "Das  eiidwestliche  Bnde  dee  Schemnitzer-Kremnitzer  Trachy^stockes," 
Jahrbuch  der  k.-k.  Reichsanstalt  Wien,  Bd.  zri.  p.  355-477. 

t  "Der  Bergbau  yon  Schemnitz  in  Un^ara,*  ibid.  Bd.  xv.  p.  317-458. 

I  "  Geologiscbe  Uebersichtekarte  der  osterreicbisch-ungarischen  Monarchic, 
Biatt  iii.  Westkarpathen,"  ibid.  Bd.  xix.  (1869)  S.  512. 

A  Description  of  Active  and  Extinct  Volcanoe,  2nd  ed.  (1848)  pp.  129, 


130. 


Digitized  by  VjOOQ IC 


308  J.  W.  JUDD  OK  THE  ASCTBST  VOLCAHO  OF 

any  thing  like  agreement  as  to  the  lines  of  separation  between  the 
"  syenite  "  and  the  "  greenstone  " — rocks  by  one  author  assigned 
to  the  former  being  by  others  referred  to  the  latter.  And  it  is  only 
necessary  for  the  geologist  to  study  the  interesting  series  of  sections 
exposed  in  the  Eisenbach  and  Hodritsch  valleys,  to  be  convinced 
that  the  two  classes  of  rocks  pass  into  one  another  by  the  most  in- 
sensible gradations. 

But,  on  the  other  hand,  it  is  equally  certain,  as  is,  indeed,  I 
believe  now  universally  admitted  alike  by  petrologists  and  physical 
geologists,  that  the  so-called  greenstones,  greenstone-trachytes,  and 
trachytes  are  all  merely  varieties  of  the  same  rock,  and  constitute 
indeed  portions  of  the  same  great  eruptive  masses. 

Now,  that  the  so-called  trachytes  (or  andesites)  are  true  vol- 
canic rocks,  erupted  during  the  Miocene  period,  we  have,  as  already 
shown,  the  most  convincing  proofs.  Hence  we  are  irresistibly  led 
to  the  conclusion  that  all  these  igneous  rocks  of  the  Schemnitz  area, 
"granites  and  syenites,"  " greenstone- trachytes,"  andesitic  lavas 
and  tuffs,  are  parts  of  the  same  great  eruptive  masses,  and  are  of 
contemporaneous  date. 

The  truth  of  this  conclusion  is  borne  out  in  a  very  striking  manner 
by  a  comparison  both  of  the  chemical  and  microscopical  characters 
of  the  three  different  classes  of  rocks  in  question.  In  the  following 
table  I  place  side  by  side  analyses  of  typical  examples  of  the  so- 
called  syenite,  of  the  "  greenstone-trachyte "  and  of  the  andesitic 
lava  of  the  Schemnitz  district 

i.  n.  in. 

Silica    61-73  60-26  61-62 

Alumina 17-45  18-25  20-66 

Oxides  of  iron  and 

manganese 5-94  6-83  6-64 

Lime    4-52  3-08  4-27 

Magnesia     2-29  0-77  1-35 

Alkalies 7*00  5-61  4-55 

Loss     1-16  3-40  2-40 

I.  is  the  so-called  syenite  of  Hodritsch,  analyzed  by  Karl  von 

Hauer. 

II.  the  "  greenstone-trachyte "  of  Gelnerowaky  Wrch,  analyzed 

by  Von  Sommaruga. 

III.  the  hornblende-andesite  of  Bybnik,  also  analyzed  by  Yon 
Sommaruga. 

Allowing  for  the  different  degrees  of  decomposition,  as  shown  by 
the  amount  of  volatile  material  in  each  case,  the  rocks  are  seen  to 
be  almost  identical  in  composition. 

When  we  turn  to  the  consideration  of  the  microscopical  characters 
of  the  so-called  "  syenite  and  granite  n  of  Hodritsch,  we  find  that, 
while  offering  the  most  marked  points  of  contrast  with  all  the  un- 
doubtedly ancient  Hungarian  granites,  it  presents  some  very  remark- 
able features  of  agreement  with  the  "  greenstone-trachytes "  and 
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"  hornblende-andesites  "  of  the  same  area,  with  which  they  are  so 
intimately  associated. 

In  all  these  rocks  it  is  interesting  to  find  that  the  prevailing  fel- 
spar is  always  plagioclase ;  in  all  of  them  orthoclase  occurs  only  as 
a  subordinate  ingredient,  and  hornblende  and  mica,  or  both  of  these 
minerals  together,  form  the  next  most  important  constituents  ;  and 
in  all  of  them  grains  of  free  quartz  occasionally  appear  in  the  mass, 
converting  the  " trachytes "  into  "dacites"  and  the  " syenites" 
(diorites)  into  " granites"  (quartz-diorites). 

Bocks  of  precisely  similar  constitution  to  the  so-called  "  granite 
and  syenite  "  of  Hodritsch  are  very  widely  diffused  in  Hungary  and 
Transylvania,  and  in  the  countries  lying  southwards.  In  the 
Vlegyasza,  Bihar,  and  Eodnaer  ranges  in  Transylvania,  Dr.  Doelter 
has  described  the  andesites  and  quartz-andesites  as  becoming 
highly  porphyritic,  and  even  granitiform  in  structure*.  The  rock 
of  Hlova  Thai,  which  Eichthofen  compared  with  the  "  Nevadites  " 
of  the  Rocky  Mountains,  appears  from  the  examples  of  it  which  I 
was  shown  by  Dr.  Tschermak  to  be  identical  in  character.  In  the 
Ban  at  there  occurs  a  precisely  similar  rock,  to  which  Cotta  applied 
the  name  of  "  Banatite ;"  and  this  forms  intrusive  masses  which,  as  I 
am  informed  by  Prof.  Szabo,  are  of  clearly  younger  date  than  all  the 
members  of  the  Cretaceous  series.  In  the  Euganean  Hills  we  have 
quartziferous  hornblende-andesites  which  are  certainly  as  recent 
as  the  Eocene,  if  not  of  still  later  date.  In  the  Alps  we  have  the 
granitic  mass  of  the  Adamello,  for  the  rock  of  which  Yom  Bath  has 
proposed  the  name  of  "  Tonalite ; "  and  a  rock  of  very  similar  cha- 
racter from  Queensland  has  been  described  by  Daintree.  In  order 
to  illustrate  the  composition  of  these  different  granitic  rocks,  all 
distinguished  by  the  presence  of  free  quartz  with  a  triclinic  felspar 
as  the  predominating  ingredient,  I  place  side  by  side  the  following 
analyses: — 


I.  Dacite  (Quartz- 
Andesite)  of  Kis 
Sebee,  Transyl- 
rania  (Doelter). 

Silica 66-32 

Alumina    14-33 

Oxides  of  iron  and 

manganese     . .  5*78 

lime 4*64 

Magnesia 2*45 

Potash   1-61 

Soda 3-90 

Loss 1-13 

*  "  Zur  Kenntniss  der  quartsfuhrenden  Andesite  in  Siebenbttrgen  und  Un- 
garn,  von  Dr.  C.  Doelter/'  Tschermak's  Mineralogisohen  Mittheilungen,  1873, 
p.  51. 


HI.  Tonalite  of 

IV.  Quartzi- 

Q. Banatite 

the  Adamello 

ferous  horn- 

of Szaska, 

Group  in  the 

blende-ande- 
sites, Euga- 
nean Hills 
(Vom  Bath). 

Hungary, 
(Scheerer). 

Alps  (Vom 
Bath). 

65-84 

66-91 

67-98 

15-23 

15-20 

13-05 

3-50 

6-45 

5-69 

4-74 

3-73 

1-63 

231 

2-35 

0-14 

3-06 

0-86 

3-23 

2-96 

3-33 

7-96 

0-98 

1-17 

0-32 
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According  to  the  analyses  of  Karl  von  Hauer,  the  felspar  in  the 
different  varieties  of  the  Hungarian  rocks  would  appear  to  he  usually 
either  lahradorite  or  some  variety  intermediate  between  that  species 
and  andesite.  The  results  obtained  by  SzatxS  by  a  totally  different 
mode  of  investigation  are  not  very  divergent  from  those  arrived  at  by 
Von  Hauer. 

The  microscopic  examination,  which  proves  that  the  mineralo- 
gical  constituents  of  all  these  rock-varieties — the  andesitic  lavas,  the 
"  greenstone- trachytes,"  and  the  "  syenite  and  granite  "  of  Hodritsch 
— are  quite  identical,  consisting  in  each  case  principally  of  a  plagio- 
clase  felspar  with  orthoclase,  hornblende,  mica,  and  sometimes  quartz 
superadded,  also  demonstrates  what  are  the  real  differences,  namely 
those  of  structure,  which  serve  to  distinguish,  though  not  by  any 
hard  lines  of  demarcation,  the  three  several  groups  of  rocks.  The 
materials  of  the  so-called  granite  and  syenite  are  all  distinctly 
crystallized ;  the  "  greenstone-trachytes  "  consist  of  a  micro-crys- 
talline or  felsitic  base,  in  which  the  crystals,  often  injured  and 
broken,  are  imbedded ;  while  in  the  andesite  lavas  the  base  is  usually 
of  a  more  compact  texture,  passing  into  a  glassy  condition.  1  hope 
to  be  able  to  show  in  the  sequel  that  these  variations  of  structure 
are  fully  accounted  for  by  the  differences  of  the  conditions  under 
which  the  several  kinds  of  rocks  can  be  shown  to  have  become  con- 
solidated. 

Having  pointed  out  what  appear  to  me  to  be  the  true  relations  of 
the  several  varieties  of  igneous  rocks  in  this  complicated  district,  1 
will  now  proceed  to  notice  the  different  explanations  which  have 
been  offered  of  its  general  physical  structure.  Beudant  correctly 
described  the  volcanic  rocks  of  Hungary  as  constituting  five  well- 
marked  and  more  or  less  completely  isolated  mountain-groups — those, 
namely,  of  (1)  the  Schemnitz  Mountains,  (2)  the  Visegrad  Moun- 
tains, (3)  the  Matra,  (4)  the  Tokay-Eperies  group,  (5)  the  Vihorlat 
Mountains  ;  and  to  these  we  must  add,  for  Transylvania,  two  other 
groups  (6)  the  Hargitta  Mountains  and  (7)  the  Transylvanian 
Erzgebirge.  Other  similar  masses  of  volcanic  rocks  of  con- 
temporaneous date  and  analogous  composition  stretch  through 
the  provinces  of  European  Turkey,  forming  a  link  between  the 
Miocene  volcanic  rocks  of  our  continent  and  those  of  Asia.  So 
enormously  have  the  volcanic  rock-masses  of  Hungary  suffered 
from  denuding  causes,  and  so  much  more  difficult  is  it  to  trace  the 
relations  between  the  isolated  fragments  of  their  short  and  bulky 
trachy  tic  lava-streams,  as  compared  with  the  wide-spreading  plateaux 
constituted  by  the  basaltic  lavas  of  Auvergne,  that  it  is  not  surpri- 
sing to  find  Beudant  altogether  failing  to  perceive  any  connexion 
between  the  different  isolated  masses,  and  declaring  that  almost 
every  separate  mountain  appears  to  be  the  result  of  a  distinct 
eruption. 

It  is  to  Von  Pettko,  whose  studies  and  writings  have  thrown  so 
much  new  light  upon  the  structure  of  the  Schemnitz  district,  that 
we  are  indebted  for  the  first  clear  exposition  of  the  true  relations  of 
the  different  masses  of  volcanic  rocks,  and  for  some  most  valuable 
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suggestions  as  to  the  form  and  structure  of  the  great  volcano  of 
which  they  constitute  the  ruins.  He  showed  *  that  the  mining- 
district  of  Schemnitz,  a  comparatively  low-lying  tract  of  oval 
form,  about  20  miles  long  by  15  broad,  was  surrounded  and  over- 
looked on  all  sides  by  steeply  scarped  mountain-masses,  rising  to 
heights  of  from  3000  to  4000  feet  above  the  sea.  This  encircling 
wall,  as  he  pointed  out,  consists  of  great  masses  of  andesitio  lava,  all 
exhibiting  a  slight  dip  away  from  the  central  depressed  area,  and 
alternating  with  enormous  accumulations  of  tuffs  and  agglomerates, 
the  whole  being  not  unfrequently  traversed  by  mineral  veins  ;  while 
in  the  central  area  rise  numerous  masses  of  rhyolitic  and  basaltic 
lavas  and  tuffs.  Here,  as  the  able  Hungarian  geologist  clearly  per- 
ceived, we  have  presented  to  us  the  characteristic  features  of  a  great 
volcanic  cone,  with  a  central  crater  of  enormous  dimensions  ;  and 
he  not  inappropriately  compared  the  Schemnitz  crater  with  its 
central  masses  of  acid  rocks  and  its  walls  of  more  basic  materials, 
to  the  well-known  crater  of  Rocca  Monfina  with  its  enclosed  bosses 
of  rocks,  forming  the  mountains  of  Santa  Croce. 

At  the  time  when  Von  Pettko  wrote  (1848),  the  "elevation- 
crater"  theory  of  Von  Buch  was  almost  universally  accepted  by 
foreign  geologists,  and  the  example  of  Rocca  Monfina  was  regarded, 
on  the  authority  of  Abich,  as  affording  a  most  signal  illustration  of 
its  truth.  It  is  not  surprising,  therefore,  that  Von  Pettko  should 
have  adopted  this  view  of  the  origin  of  the  great  crater  of  Schemnitz, 
and  declared  it  to  be  a  magnificent  example  of  an  "  elevation- 
crater."  The  facts  and  arguments  adduced  in  support  of  this  once 
famous  theory  by  Von  Buch,  Humboldt,  and  Elie  de  Beaumont  have 
been  so  utterly  demolished  by  the  observations  and  reasonings  of 
Lyell,  Scrope,  and  Constant  Provost,  that  it  would  be  mere  waste  of 
time  at  the  present  date  to  treat  the  theory  as  one  still  possessed  of 
any  vitality.  But  as  regards  all  the  other  conclusions  of  Von  Pettko 
concerning  the  Schemnitz  district,  I  believe  that  they  have  been 
fully  substantiated  by  further  observation. 

Richthofen,  who,  at  a  somewhat  later  date,  made  a  general  study 
of  the  Hungarian  volcanic  rocks,  arrived  at  some  interesting  conclu- 
sions as  to  their  relations.  He  correctly  defined  their  true  sequence 
of  eruption  to  have  been  as  follows — first  the  trachytes,  secondly 
the  rhyolites,  and  thirdly  the  basalts ;  but,  probably  from  failing  to 
perceive  and  take  account  of  the  enormous  amount  of  denudation 
which  these  volcanic  masses  had  been  subjected  to,  he  was  led  to 
conclude  that  only  the  latter  two  classes  of  rocks  could  be  regarded 
as  having  had  a  true  volcanic  origin.  The  vast  masses  of  trachytic 
lavas  with  their  tuffs  he  referred  to  a  series  of  "  massive-eruptions ; " 
and  not  recognizing  the  essential  identity  in  the  chemical  and  mine- 
ralogical  constitution  between  the  "  greenstone  trachytes "  and  the 
ordinary  trachytes  of  the  district,  he  applied  to  the  former  the  name 
of  "  propylites,"  and  assigned  their  origin  to  an  older  series  of 

*  '*  Erhebungnkrater  in  der  Umgebung  von  Schemnitz  und  Kremnitz,"  Be- 
richte  iiber  die  Mittheilungen  von  Freunden  der  Naturwissenschaften  in  Wien, 
Bd.  iii.  p.  199. 
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"  massive-eruptions "  than  that  which  he  supposed  to  have  given 
rise  to  the  latter. 

I  will  now  prooeeed  to  describe  in  detail  the  conclusions  to  which 
I  have  been  conducted  by  a  careful  study  of  the  volcanic  rocks  of  the 
Schemnitx  district,  with  the  aid  of  the  light  thrown  upon  them  by 
the  labours  of  former  investigators. 

The  epoch  of  maximum  volcanic  activity  in  Hungary  was  that 
true  "  age  of  fire  "  in  our  hemisphere,  the  Miocene  period.  So  grand 
was  the  scale  of  the  outburst  of  igneous  forces  at  that  time,  so 
great  the  destructive  effects  on  older  deposits,  and  so  enormous  the 
accumulations  of  ejected  materials  piled  above  them,  that  the  task 
of  tracing  the  nature  of  the  first  symptoms  and  movements  which 
heralded  the  appearance,  and  constituted  the  earlier  stages  of  this 
tremendous  manifestation  of  subterranean  activity  is  a  very  difficult 
one. 

The  volcanic  outbursts  of  the  Miocene  period  were  certainly  pre- 
ceded by  a  period  of  long  and  continuous,  though  irregular,  upheaval 
throughout  the  areas  in  which  they  took  place.  The  marine 
deposits  of  the  Cretaceous  and  Nummulitic  periods  were  succeeded 
by  the  wide-spreading  eetuarine  and  lacustrine  sediments  of  the 
Oligocene,  the  latter  formations  consisting  in  Hungary  and  Transyl- 
vania of  fresh-  and  brackish-water  strata,  having  a  thickness  of 
several  thousands  of  feet  and  containing  beds  of  true  coal,  in  one 
case  of  a  thickness  of  90  feet.  Now  various  deposits  of  rocks  of 
chemical  origin  testify  to  the  fact  that  even  before  the  close  of  the 
Eocene  period,  the  subterranean  forces  were  beginning  to  exhibit  at 
the  surface  their  most  feeble  manifestations,  namely  gaseous  ema- 
nations and  hot  and  mineral  springs.  But  that  even  at  this  earlier 
stage  some  true  volcanic  fissures  were  formed,  along  which  were 
thrown  up  a  succession  of  cones,  the  isolated  "  necks  "  of  teschenite 
and  pikrite  in  Silesia,  which  have  been  so  ably  investigated  by  Ho- 
henegger  and  Tschermak,  abundantly  testify.  Nor  is  similar  evidence 
wanting  in  Hungary.  Dr.  von  Hantken,  the  Director  of  the  Hun- 
garian Geological  Survey,  pointed  out  to  me  that  in  the  midst  of  the 
Visegrad  group  of  mountains  small  deposits  of  tuff  occur  interstra- 
tified  with  the  coal-series  of  the  Oligocene ;  and  this  fact  is  recorded 
in  the  memoir  which  is  published  on  this  district  by  the  Geological 
Institute  of  Hungary. 

Dr.  Szabo  also  suggested  to  me  that  some  isolated  masses  of 
quartz-trachyte  rocks  near  Buda-Pesth,  which  are  totally  different  in 
composition  and  character  from  the  widely  spread  andesitic  lavas  of 
the  Miocene,  might  not  improbably  belong  to  this  earliest  stage  of 
the  great  volcanic  outbursts.  It  is  not  surprising,  however,  to  find, 
both  in  Hungary  and  the  adjoining  countries,  that  the  subsequent 
eruptions  of  the  Miocene  period  on  so  grand  a  scale,  and  upon  the 
same  sites,  have  almost  entirely  destroyed  the  evidence  concerning 
the  first  feeble  manifestations  of  those  forces  which  culminated  in 
such  tremendous  displays  of  violence. 

That  the  grandest  of  the  Tertiary  volcanic  outbursts  into  Hungary 
and  Transylvania — those  namely  which  gave  rise  to  the  formation 
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of  the  vast  masses  of  andeeitic  rocks — commenced  at  the  beginning 
and  continued  during  all  the  earlier  portions  of  the  Neogene  period 
(that  is  to  say,  that  they  belong  to  the  age  of  the  Miocene  proper, 
the  Upper  Miocene  of  Lyell),  there  is  not  the  smallest  room  for 
doubt.  At  many  points,  as  in  the  Piliser  Gebirge,  the  tuffs  and 
lavas  of  this  volcanic  series  are  found  overlying  even  the  highest 
members  of  the  Oligocene  formation,  while  the  fine  flora  and  fauna 
yielded  by  the  tuffe  themselves,  and  certain  fossiliferous  sedimentary 
deposits,  which  at  some  points  are  found  alternating  with  the  volcanic 
rocks,  are  quite  sufficient  to  establish  this  conclusion  as  to  the  age  of 
the  latter. 

An  examination  of  the  vast  masses  of  lava,  agglomerates,  tuffs, 
and  ashes  themselves,  as  well  as  of  the  fossils  associated  with  them, 
leads  us  to  infer  that  the  eruptions  which  produced  them  were  of  a 
subaerial  character ;  and  upon  a  review  of  the  whole  of  the  pheno- 
mena, we  cannot  escape  the  conclusion  that  during  that  great  ex- 
tension of  the  land-area  which  characterized  the  Miocene  epoch  in 
this  part  of  the  globe  a  chain  of  grand  volcanos  rose  parallel  to  the 
great  curved  mountain-axis  of  the  Carpathians.  Of  the  still  active 
volcanos  of  Europe,  the  only  one  which  will  bear  comparison  in 
point  of  dimensions  with  the  great  eruptive  centres  of  Hungary  is 
Etna.  But  during  the  period  at  which  the  Hungarian  volcanos  were 
formed,  a  complete  girdle  of  volcanic  mountains  of  almost  equal  di- 
mensions, though  pouring  out  various  materials  at  different  points, 
surrounded  the  whole  Alpine  system  and  stretched  far  eastward  into 
Asia.  At  the  same  period  another  chain  of  equally  grand  volcanos 
stretched  from  the  Arctic  circle  southward,  through  Iceland,  the 
Faroes,  the  western  side  of  the  British  Islands,  and  thence  through 
the  district  which  is  now  occupied  by  the  Atlantic,  to  a  latitude 
south  of  that  of  the  Cape  of  Good  Hope. 

No  mistake  could,  however,  possibly  be  greater  than  to  suppose 
that  during  this  period  of  the  tremendous  paroxysmal  displays  of 
volcanic  energy,  there  was  any  thing  like  an  interruption  of  geologi- 
cal continuity  in  the  area,  or  even  to  imagine  that  our  portion  of 
the  globe  exhibited  the  effects  of  more  powerful  subterranean  action 
than  can,  at  the  present  timo,  be  witnessed  upon  other  parts  of  its 
surface.  On  the  contrary,  we  find  the  clearest  proofs  that  these 
ejections  of  volcanic  material  which  have  produced  such  a  vast  ag- 
gregate result,  were  separated  by  very  wide  intervals  of  time,  and 
that  the  whole  continent,  and  even  the  slopes  of  the  volcanos  them- 
selves, must  have  been  clothed  with  that  magnificent  flora  of  which 
such  interesting  relics  have  been  preserved  for  our  study.  We  have 
also  abundant  evidence  that  innumerable  lakes  were  formed  among 
these  old  volcanos,  and  quietly  filled  with  sediments,  and  that  these 
were  in  turn  buried  under  subsequent  ejections  from  the  igneous  vents. 
Nowhere,  indeed,  can  the  vastness  of  the  periods  of  time  represented 
by  the  great  Tertiary  epochs  be  better  appreciated  than  in  Eastern 
Europe,  where  we  find  each  of  them  represented  by  deposits  several 
thousands  of  feet  in  thickness. 

Confining  our  attention  again  more  particularly  to  the  Schemnitz 
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district,  we  find  the  andesitic  lavas  and  tuffs  ejected  during  the  Mio- 
cene period  gradually  building  up  a  cone  of  vast  dimensions  which 
eventually  covered  an  area  nearly  fifty  miles  in  diameter.  That, 
as  in  the  case  of  so  many  existing  volcanos,  eruptions  took  place 
sometimes  from  the  summit,  and  at  others  on  the  flanks  of  the 
mountain,  we  have  no  room  to  doubt.  The  great  volcano  of 
Schemnitz  then  doubtless  presented  an  appearance  very  similar  to 
that  of  Etna  at  the  present  day ;  that  is  to  say,  it  consisted  of  an 
enormous  central  mountain,  upon  the  sides  of  which  innumerable 
parasitical  cones  had  been  thrown  up,  each  pouring  forth  its  lava 
streams.  Like  Etna,  too,  the  slopes  of  this  old  Hungarian  volcano 
were  covered  by  the  magnificent  forests  characteristic  of  a  warm 
temperate  climate — gigantic  Sequoias  and  pines,  with  oaks,  beeches, 
chestnuts,  planes,  poplars,  and  willows,  and  an  undergrowth  of  vines 
and  herbaceous  plants  of  subtropical  character.  And  through  these 
forests  roamed  the  Mastodon,  the  Dinotherium,  the  Anchitherium, 
and  the  Hyothtrium,  with  species  of  the  Rhinoceros,  Tapir,  and 
many  other  forms,  all  of  which  are  now  extinct. 

This  period  of  most  violent  eruption  in  the  great  Schemnitz  volcano 
appears  to  have  been  terminated  by  a  paroxysmal  outburst  on  the 
very  grandest  scale,  which  resulted  in  the  formation  of  a  prodigious 
crater  of  oval  form.  Vast  as  must  have  been  the  dimensions  of  this 
crater,  they  did  not  exceed  those  of  some  of  the  still  active  volcanos 
of  the  globe ;  and  cavities  of  equal  size  have  perhaps  been  produced 
by  eruptions  that  have  taken  place  during  the  historical  epoch.  The 
result  of  this  tremendous  paroxysm  was  to  reduce  the  Schemnitz  cone 
to  a  crater-ring  of  vast  dimensions,  one  of  those  "  basal  wrecks  "  of  a 
volcano,  as  Mr.  Darwin  so  appropriately  named  the  similar  magnifi- 
cent examples  which  are  found  among  the  islands  of  the  Atlantic 
Ocean. 

The  great  paroxysmal  outbursts  which  produced  this  vast  crater 
must  have  been  succeeded,  as  is  so  frequently  the  case  under  similar 
circumstances,  by  a  considerable  subsidence  of  the  whole  mountain 
mass;  and  in  consequence  of  this,  not  only  were  all  except  the  highest 
portions  of  the  crater-ring  submerged  beneath  the  sea,  but  the  latter 
found  its  way  into  the  interior  of  the  crater.  The  wider-spread 
movements  which  had  been  taking  taking  place  in  Eastern  Europe 
had  resulted,  as  Yon  Hauer  has  so  well  shown,  in  the  formation  of  a 
number  of  inland  seas  with  which  the  waters  of  the  ocean  had 
not  a  perfectly  free  communication,  and  which  are  accordingly  cha- 
racterized by  a  stunted  marine  fauna.  By  a  continuation  of  the 
same  earth-movements  the  communication  of  these  seas  with  the 
ocean  was  completely  cut  off,  and  a%series  of  Oaspians  formed,  cha- 
racterized by  a  very  remarkable  brackieh-water  fauna.  During  these 
periods  (those,  namely,  of  the  "  Sarmatische  Stufe,"  and  of  the  "  Con- 
geria-  and  Inzendorf  beds  ")  the  Hungarian  volcanos  rose  as  islands, 
still  clothed  with  a  flora  very  similar  in  character  to  that  of  the  pre- 
ceding period,  but  in  which  the  mammalian  fauna  had  undergone 
considerable  change,  through  the  disappearance  of  many  of  the  old 
forms  and  the  addition  of  such  new  and  more  modern  types  as  Hip- 
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poiherium,  Machairodusy  and  AntUope,  with  species  of  Sus  and  Hy- 
cma.  The  volcanic  islands  of  Hungary  must  at  this  stage  of  their 
history  have  been  very  similar  in  appearanoe  to  those  of  the  Grecian 
archipelago. 

That  during  this  period  of  subsidence  the  basal  wreck  of  the 
8chemnitz  cone  underwent  a  vast  amount  of  denudation  we  have  the 
clearest  proofs ;  the  crater-ring  was  evidently  breached  at  a  number 
of  points,  and  "  barrancos "  formed  leading  into  it,  the  sea  being 
thus  permitted  to  enter  it  and  to  eat  back  the  cliffs  around  it,  with 
the  same  kind  of  action  that  Lyell  and  Darwin  have  shown  to  be 
taking  place  in  the  submerged  volcanos  of  the  Atlantic ;  and  in  this 
manner  the  extent  of  the  vast  "  caldera "  was  probably  greatly 
increased.  Around  the  flanks  and  in  the  centre  of  the  ruined  vol- 
cano, deposits  enclosing  relics  of  the  interesting  fauna  and  flora  of 
the  period  were  accumulated — beds  with  marine,  brackish-water, 
and  freshwater  shells  alternating  with  lignites,  formed  by  the 
numerous  vegetable  remains  carried  down  into  the  lagoons,  and 
with  masses  of  tuffs  ejected  from,  the  volcanic  vents. 

It  was  during  this  condition  of  the  volcano  that  the  last  eruptions 
of  the  Schemnitz  area  took  place ;  and  these  were  almost  entirely 
confined  to  the  central  lagoon  occupying  the  crateral  hollow  of  the 
old  volcano.  The  materials  ejected  during  these  later  outbursts 
consisted  in  the  first  instance  of  quartz-trachytes  (liparites  or  rhy- 
olites)  with  the  beautiful  varieties  of  perlitic  rocks  which  we  have 
already  referred  to  as  having  probably  been  formed  for  the  most  part 
under  water  and  not  constituting  true  pumice.  The  eruption  of  these 
highly  acid  rocks  was  followed  by  that  of  those  of  extreme  basio 
character — the  basalts.  At  this  period  of  its  history  the  appearance 
of  the  volcano  of  Schemnitz  must  have  presented  a  most  striking  re- 
semblance to  that  now  exhibited  by  Santorin.  The  latter  is  a  nearly 
submerged  and  greatly  ruined  crateral  ring,  the  interior  of  which  is 
occupied  by  the  sea,  in  the  midst  of  which  a  number  of  new  and 
smaller  cones  are  being  gradually  built  up  by  the  eruptions  which 
are  taking  place  at  the  present  day.  In  the  Schemnitz  caldera  the 
ejection  of  the  rhyolitic  lavas  and  tuffs  was  followed  by  that  of  the 
basalts,  and  a  number  of  cones  were  formed  which  gradually  rose 
above  the  surface  of  the  central  lagoon  ;  and  thus  the  eruptions  that 
were  at  first  submarine  gradually  became  subaerial  ones.  By  a 
continuance  of  these  outbursts,  the  depression  of  the  central  area 
appears  to  have  become  eventually  entirely  filled  up,  and  the  sea  ex- 
cluded from  it,  the  process  being  probably  aided  by  a  process  of  slow 
upheaval  which  the  whole  district  was  gradually  undergoing. 

It  is  impossible  to  pass  by  in  silence  the  points  of  analogy  in  the 
succession  of  the  different  lavas  of  the  Tertiary  Hungarian  volcanos 
and  that  of  the  more  recent  ones  of  the  Lipari  Islands  *.  In  both 
cases  the  ejected  materials  which  have  formed  the  great  mass  of  the 
volcanos,  consist  of  rocks  of  composition  intermediate  between  the 
acid  and  the  basio  types ;  and  the  eruption  of  these  was  followed, 

*  S^e  Geological  Magaiine,  Decade  ii.  toL  ii.  p.  60. 
Q.  J.  G.  S.  No.  127.  i 
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after  an  interval  of  quiescence,  by  the  final  outbursts,  first  of  a  highly 
acid,  and  then  of  an  extremely  basic  character.  Have  we  here  an 
indication  that  during  a  period  of  temporary  rest  in  a  volcano,  the  un- 
ejected  materials  below  it  may  undergo  a  separation  into  two 
•*  magmas  "  of  different  composition  and  specific  gravity,  similar  to 
those  which,  according  to  the  well-known  theory  of  Durocher,  have 
been  universally  formed  below  the  earth's  crust? 

The  formation  of  the  scattered  basaltic  cones  within  the  great 
crater-ring  of  the  Schemnitz  volcano,  and  of  a  few  similar  ones 
("  puys  ")  around  its  flanks,  were  the  last  great  efforts  of  the  igneous 
forces  of  the  district.  Subsequently  their  declining  energies  appear  to 
have  been  equal  only  to  the  origination  of  fumaroles  and  hot  springs  or 
to  the  production  of  those  earthquakes  to  which  the  region  is  still  occa- 
sionally liable.  The  extent  of  the  deposits,  both  siliceous  ("sinter") 
and  calcareous  ("travertine"),  formed  by  these  springs  shows  clearly 
how  long,  even  after  the  final  extinction  of  the  volcano,  the  subter- 
ranean forces  retained  a  portion  of  their  vitality,  and  how  very  slowly 
and  gradually  the  igneous  activity  of  this  region  sank  into  complete 
quiescence. 

We  have  endeavoured  in  the  preceding  pages  to  investigate  the 
several  varieties  of  rocks  of  which  the  old  Schemnitz  volcano  was 
built  up,  and,  by  the  aid  of  the  analogies  of  more  perfect  and  still 
active  volcanos,  to  reconstruct  the  history  of  the  events  to  which  its 
original  features  and  its  present  condition  are  to  be  ascribed.  Let 
us  now  proceed  to  inquire  what  are  the  appearances  exhibited  in  the 
interior  of  this  old  volcanic  pile  as  now  exposed  to  us,  which  serve 
to  illustrate  the  nature  of  the  operations  going  on  deep  below  the 
surface,  synchronously  with  those  phenomena  which  we  ordinarily 
witness  at  the  surface  as  the  accompaniments  of  volcanic  activity. 

And  although  we  have  not  here  the  remarkably  clear  sections  af- 
forded by  sea-cliffs,  as  in  the  ancient  Hebridean  volcanos,  yet  in  the 
great  volcano  of  Schemnitz — the  whole  heart  of  which  has  been  blown 
out  by  tremendous  paroxysms,  while  the  vast  crater  thus  originated 
has  been  further  enlarged  by  the  action  of  the  sea  which  entered  it 
after  the  partial  submergence  of  the  mass — many  valuable  opportu- 
nities are  afforded  to  the  geologist  for  studying  the  relations  of  the 
originally  deeply  seated  masses  of  the  volcanic  pile.  Since  the  final 
upheaval  of  the  district,  too,  the  great  rock-masses  have  been  greatly 
reduced  by  subaerial  denudation,  and  important  sections  of  them  ex- 
posed in  the  valleys ;  and,  finally,  the  innumerable  mining-works 
opened  all  over  the  central  area,  and  a  series  of  deep  railway-cut- 
tings have  all  served  to  throw  light  upon  the  relations  which  the 
different  rocks  of  the  district  bear  to  one  another.  Aided  by  all 
these  different  kinds  of  exposures  of  the  rock-masses  of  the  Schem- 
nitz area,  we  propose  to  describe  the  structure  of  the  interior  of  this 
old  volcano  and  to  investigate  the  connexion  between  its  internal 
mechanism  and  the  operations  which  we  have  shown  to  have  taken 
place  at  the  surface. 

We  have  already  exposed  the  grounds  on  which  we  have  been  led 
to  the  conclusion  that  the  so-called   "granite   anil  syenite,"  the 
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"greenstone-trachyte "  and  " dacite,"  and  the  different  varieties  of 
andesitic  rocks  in  the  Schemnitz  district  are  chemically  and  minera- 
logically  identical,  and  that  their  variations  in  structure  are  simply 
the  result  of  differences  in  the  conditions  under  which  they  have 
been  consolidated.  That  the  hornblende-  and  mica-andesites  were 
actual  lavas  poured  out  at  the  surface,  we  have  the  clearest  proofs ; 
and  that  the  "  greenstone-trachytes/'  the  dacites,  and  the  "  syenite 
and  granite"  constitute  intrusive  masses  which  have  been  forced, 
while  in  a  plastic  and  highly  heated  condition,  through  the  midst  of 
the  sedimentary  rocks,  is  clearly  shown  by  the  phenomena  presented 
at  the  planes  of  contact  of  the  two  classes  of  rocks,  and  by  the 
dykes  and  veins  which  are  seen  proceeding  from  the  one  into  the 
other. 

The  rocks  of  sedimentary  origin,  through  which  the  igneous  masses 
forming  the  centre  of  the  old  Schemnitz  volcano  have  forced  their 
way,  have  been  supposed  to  include  certain  members  of  the  Palaeo- 
zoic series ;  and  these  rocks,  which,  as  we  have  already  pointed  out, 
were  at  first  generally  referred  to  the  Primary  group,  have  been  sub- 
sequently identified,  though  on  very  doubtful  grounds,  seeing  that 
they  contain  no  fossils,  first  as  Devonian,  and  secondly  as  Dyas. 
They  are  supposed  to  be  overlain  by  the  Triassic  and  Nummulitic 
rocks  of  the  district,  which  are  unmistakably  identified  as  such  by 
the  fossils  which  they  contain. 

But  after  a  very  minute  and  careful  examination  of  the  central 
district  of  the  Schemnitz  volcano,  I  have  been  led  to  the  conclusion 
that  there  exists  within  it  no  series  of  rocks  of  older  date  than  the 
Trias,  and  that  the  supposed  Palaeozoic  rocks — the  quartzite  and 
quartzschiefer,  the  crystalline  and  schistose  limestone,  and  the 
schists,  gneisses,  and  aplite — are  nothing  but  the  arenaceous,  cal- 
careous, and  argillaceous  beds  of  the  Trias,  metamorphosed  by  their 
contact  with  the  Miocene  intrusive  masses. 

I  have  already  enumerated  the  chemical  and  penological  grounds 
on  which  I  have  been  led  to  infer  that  the  rocks  of  granitic  structure 
in  the  midst  of  the  Schemnitz  volcano  are  identical  in  composition  and 
age  with  the  surrounding  andesitic  lavas.  There  are  also  several 
circumstances  in  connexion  with  the  physical  structure  of  the  district 
which  lend  the  strongest  confirmation  to  this  view.  Were  the  igne- 
ous masses  of  Hodritsch,  as  is  asserted,  an  old  granitic  boss  upon 
which  the  so-called  Permian  and  the  Triassic  strata  have  been  de- 
posited, the  conglomerates  associated  with  these  latter  could  scarcely 
fail  to  contain  pebbles  of  the  granite  and  syenite.  Such,  however, 
is  never  the  case,  as  I  can  testify  after  a  most  careful  examination 
of  the  whole  district,  with  a  view  to  the  determination  of  this  point. 
Similarly,  the  absence  of  all  pebbles  of  the  metamorphic  rocks  (the 
quartzites,  schists,  and  gneisses)  of  the  district  in  the  conglomerates 
of  the  Trias  is  quite  inconsistent  with  the  view  that  the  former  were 
in  existence  before  the  latter  and  constituted  the  basis  on  which 
they  were  deposited.  Another  proof  that  the  rock  of  Hodritsch  is 
not  an  old  granite  boss  upon  which  the  sedimentary  rocks  were  un- 
conformably  deposited,  is  found  in  the  circumstance  that  the  Triassic 
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roeki  are  never  $een  reefing  directly  upon  a  denuded  surface  of  the 
granite*  j  but  are  always  separated  from  it  by  a  zone  of  highly  meta- 
morphosed rocks. 

The  most  satisfactory  method  of  determining  the  true  relations  of 
the  igneous,  metamorphio,  and  sedimentary  rocks  of  this  district  is 
by  studying  their  exposures  along  the  Hodritsch,  Eisenbach,  and 
Glashiitte  valleys  and  in  the  mountain-masses  of  the  Kohl-Berg 
(see  fig.  1)  and  the  Schwatzer  Berg  (see  fig.  2)  which  separate 


Fig.  1. — Section  through  the  Kohl-Berg. 
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these  valleys.  Here  we  find,  in  innumerable  instances,  the  lime- 
stones, sandstones,  and  shales  of  the  Trias,  wherever  we  approach 
a  mass  of  "  syenite  "  or  "  greenstone- trachyte,"  undergo  a  marked 
change  and  acquire  by  the  most  imperceptible  gradations  a  more 
crystalline  character,  till  finally  they  assume  the  condition  of  a 
crystalline  or  schistose  limestone,  of  a  quartzite  or  quartz-schist,  or 
even  of  a  gneiss  or  aplite  (granulite).  I  believe  that  it  is  impos- 
sible for  a  geologist  to  examine  all  the  interesting  lines  of  junction 
between  the  igneous  and  stratified  rocks  without  being  fully  con- 
vinced that  the  metamorphic  masses  which  in  every  instance  occur 
between  them  have  been  produced  by  the  action  of  the  Miocene 
intrusive  rocks  upon  the  Triassic  strata  which  they  have  penetrated 
(see  fig.  3). 

I  do  not  propose  in  this  place  to  enter  upon  a  discussion  of  the 
details  of  the  interesting  problems  which  are  so  admirably  illustrated 
by  these  beautiful  examples  of  local  or  contact  metamorphism,  and  of 
their  bearing  on  the  wider  question  of  the  nature  and  causes  of  the 
phenomena  of  general  metamorphism.  On  a  future  occasion  I  hope 
to  lay  before  this  Society  the  results  at  which  I  have  arrived  from 
the  study  and  comparison,  both  in  the  field  and  in  the  cabinet,  of 
the  rocks  which  exhibit  the  most  distinct  and  rapid  transition  from 

•  In  this  place,  as  in  many  other  portion!  of  this  memoir,  I  have  used  the 
names  by  which  the  rook?  of  the  district  have  been  so  long  indicated,  rather 
than  those  which  I  have  endeavoured  to  show  in  the  present  paper  would  be 
more  appropriately  assigned  to  them,  in  order  to  make  my  line  of  reasoning 
>  clearly  manifest 
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the  unaltered  to  the  most  highly  metamorphosed  condition  in  Scotland 
and  Hungary,  and  of  the  light  which  they  throw  upon  the  important 
question  of  the  origin  of  foliation .  At  the  present  time  I  propose  only 
to  notice  the  interesting  relations  of  the  rock  called  aplite,  which  ap- 
pears to  he  the  final  product  of  metamorphism  of  some  of  the  Triassic 
rocks.  Upon  the  old  theory  that  the  granitic  mass  of  Hodritsch  was  of 
ancient  date,  and  that  the  Dyas  and  Trias  strata  were  deposited  upon 
it,  the  relations  of  the  aplite  rock  appeared  to  be  altogether  inexpli- 
cable ;  while  the  views  of  the  relations  of  the  igneous,  metamorphic, 
and  sedimentary  rocks  of  the  Schemnitz  area  which  I  have  endea- 
voured to  enforce  in  the  present  paper  suggest,  as  I  hope  to  show, 
a  remarkably  simple  explanation  of  the  phenomena,  which  I  think 
will  commend  itself  to  the  minds  of  all  geologists. 

The  aplite  (a  variety  of  granulite)  is  a  crystalline  rock  composed 
of  orthoclase  and  quartz,  to  which  hornblende,  tourmaline,  and  other 
minerals  are  sometimes  added.  It  always  occurs  at  the  junction  of 
the  "  syenite "  and  gneiss,  and  while  it  sometimes  forms  masses 
having  a  general  parallelism  with,  and  graduating  insensibly  into, 
the  latter,  it  is  not  unfrequently  found  sending  off  veins  into  the 
gneissic  rocks,  and  thus  behaves  like  an  intrusive  rock,  as  von  Lipoid 
has  well  pointed  out  (see  fig.  4). 

Fig.  4. — Aplite  forming  a  vein  in  Gneiss  at  Schuttrisberg. 


r.  Aplite.  a.  Gneist. 


At  first  sight  the  occurrence  of  this  granulite,  or  "  semi-granite  " 
(as  it  is  well  called),  at  the  junction  of  the  granitic  and  gneissic 
masses  might  be  thought  to  lend  some  support  to  the  views  enter- 
tained by  several  geologists  of  the  metamorphic  origin  of  the  granitic 
rocks  themselves.  But  a  more  careful  study  of  the  conditions  here 
presented  will  be  sufficient  to  convince  us  that,  here  at  least,  any 
such  doctrine  is  altogether  untenable.  Microscopic  and  chemical 
examination  alike  demonstrate  conclusively  that  the  aplite  cannot 
possibly  be  regarded  as  an  intermediate  stage  between  the  gneiss  and 
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the  "  syenite."  Of  the  former  it  certainly  represents  the  last  stage 
of  alteration ;  hut  with  the  latter  it  has  absolutely  nothing  in  com- 
mon. It  is  a  rock  of  far  more  acid  composition,  and  it  contains 
much  free  quartz  and  orthoolase  felspar ;  while  the  igneous  masses  in 
contact  with  it  have  little  or  no  free  quartz,  and  the  felspar  is  prin- 
cipally plagioclase. 

The  phenomena  presented  by  these  masses  of  aplite  can  only  he 
explained,  as  it  appears  to  me,  by  regarding  the  rock  as  the  last 
stage  of  metamorphism  of  the  Triassic  sediments.  That  their  par- 
ticles must  have  attained  the  condition  of  almost  absolute  internal 
mobility  is  shown  by  the  nearly  perfectly  crystalline  character  of 
the  rock ;  and  that,  as  a  consequence  of  this,  the  mass  was  in  a 
truly  plastic  state  is  shown  by  the  fact  that  it  was  capable  of  being 
injected  in  the  form  of  veins  into  the  fissures  of  the  surrounding 
masses.  To  the  same  cause  (its  perfect  internal  mobility),  as  I 
shall  hereafter  show,  we  most  assign,  that  disappearance  of  the  folia- 
tion which  distinguishes  the  surrounding  gneissic  rocks,  into  which 
it  frequently  passes,  however,  by  the  most  insensible  gradations. 

We  thus  see  that  the  examination  of  the  ruins  of  the  old  Hun- 
garian volcano  leads  us  to  results  identical  with  those  which  we 
obtain  by  the  study  of  the  similar  ones  of  the  same  age  in  the  West- 
ern Isles  of  Scotland — namely,  that  portions  of  the  same  liquefied 
masses  of  rocks,  which  at  the  surface  flowed  in  lava-streams  or 
were  scattered  by  explosions  as  scoriae  or  ashes,  consolidated  at  a 
great  depth  and  under  considerable  pressure  in  the  interior  of  the 
volcano,  in  a  highly  crystalline  and  even  perfectly  granitic  condi- 
tion. We  have  also  shown  that  around  these  vast  and  slowly 
consolidating  masses  of  intensely  heated  rock,  a  series  of  chemical 
changes  were  set  up  in  the  sediments  which  they  penetrated, 
resulting  in  the  transformation  of  the  latter  into  schistose  and 
highly  crystalline  rocks. 

As  in  the  case  of  the  rock-masses  of  intermediate  composition 
(the  andesites  and  diorites)  we  find  the  more  deep-seated  portions 
assuming  a  highly  crystalline  and  even  granitic  character,  so  we 
also  have  grounds  for  the  conclusion  that,  under  the  same  condi- 
tions, the  rhyolitic  and  vitreous  rocks  of  acid  composition  pass 
into  highly  crystalline  quartz-trachytes,  presenting  precisely  those 
characters  which  are  regarded  by  some  penologists  as  belonging 
only  to  rocks  of  very  ancient  date.  This  highly  porphyntic  or  semi- 
granitic  form  of  the  rhyolitic  rocks  is  well  exhibited  by  the  great 
intrusive  masses  near  Eisenbach  and  Konigsberg. 

Of  the  interesting  minerals  which  result  from  the  long-continued 
reactions  taking  place  between  masses  of  highly  heated  volcanic 
materials  and  the  surrounding  sedimentary  rocks-— and  with  which 
we  are  so  familiar  at  Monzoni,  an  old  volcanic  vent  in  which  they 
are  seen  lying  in  their  original  situation,  and  at  Vesuvius,  where 
they  are  continually  being  ejected  from  the  crater — we  find  several 
very  interesting  examples  in  the  case  of  the  great  Schemnitz  vol- 
cano. Thus,  near  Hodritsch,  a  mass  of  Trias  dolomite  entangled 
in  the  dioritic  rock  exhibits,  near  the  planes  of  its  junction  with  the 


Digitized  by  VjOOQ IC 


822  J.  W.  JUDD  OH  THE  AKCIKKT  VOLCJJCO  OF 

igneous  mass,  beautiful  examples  of  ophicalcite ;  and  in  a  similar 
situation  at  no  great  distance,  masses  of  finely  crystallized 
fassaite  and  pleonaste  also  make  their  appearance.  Epidote,  mica, 
garnet,  and  other  minerals*  are  also  found  under  similar  conditions 
at  several  points  in  the  district. 

Although  there  are,  as  we  have  seen,  so  many  points  of  resemblance 
between  the  volcanoes  of  Hungary  and  those  of  Scotland,  yet  there  is 
one  respect  in  which  they  afford  a  very  remarkable  contrast.  In  the 
case  of  the  Scottish  volcanoes  we  observe  but  little  evidence  of  those  hot 
and  mineral  springs  and  of  those  discharges  of  gas  and  vapour  which 
usually  constitute  the  final  stage  of  volcanic  activity;  while  of  the 
existence  and  action  of  these,  as  we  have  seen,  there  are  in  the  case 
of  the  Hungarian  volcanoes  most  abundant  proofs.  Now  when  we 
come  to  examine  the  deep-seated  rocks  of  each  of  these  districts, 
we  find  also  a  corresponding  difference.  While  the  rocks  which  once 
formed  the  central  masses  of  the  old  Scottish  volcanoes  have  undergone 
comparatively  little  chemical  change  since  their  eruption,  those  in 
the  midst  of  the  Hungarian  volcanoes  have  clearly  been  affected 
in  the  most  powerful  manner  through  the  penetration  of  their  mass 
by  acid  gases  and  vapours.  Often  the  whole  mass  of  rock  over  a 
considerable  area  is  found  to  be  completely  decomposed  and  reduced 
to  a  white  or  variegated  friable  product,  to  which  the  name  of 
"  greenstone-tuff"  has  been  sometimes,  though  erroneously,  applied. 
At  other  times  the  change  has  been  a  more  partial  one  ;  and  over 
very  considerable  tracts  the  "greenstone-trachytes"  or  "propy- 
lites  "  are  found  to  be  charged  with  the  sulphides  of  iron,  copper, 
lead,  and  antimony,  often  containing  some  silver  and  gold.  Where, 
however,  fissures  have  existed  in  these  rocks,  these  various  metallic 
substances  have  been  accumulated  in  greater  abundance,  and  have 
given  rise  to  the  formation  of  those  valuable  lodes  for  which  the 
district  is  so  famous. 

It  does  not  of  course  fall  within  the  scope  of  the  present  memoir 
to  attempt  to  give  any  account  of  the  great  mineral  deposits  of  the 
Schemnitz  district,  further  than  is  necessary  to  show  the  connexion 
between  the  causes  by  which  they  are  formed  and  the  volcanio 
activity  of  the  area  in  which  they  occur. 

The  fissures  occupied  by  the  Schemnitz  lodes  have  a  general 
direction  from  N.N.E.  to  S.S.W.  They  traverse  the  so-called  granite 
and  syenite,  the  "  greenstone-trachyte,"  and  the  metamorphosed 
Triassic  strata,  and  also  extend  into  the  midst  of  the  trachytes  and 
other  rocks  which  surround  the  centre  of  the  old  volcanic  mountain, 
the  most  productive  portions  of  the  lodes  appearing  to  be  always 
situated  in  the  central  masses  of  "  greenstone-trachytes."  According 
to  Yon  Pettko  there  is  evidence  that  in  some  cases  the  infilling  of 
the  mineral  veins  is  even  of  later  date  than  the  eruption  of  the  basalts. 

The  phenomena  which  we  have  described  as  being  exhibited  by 

the  old  volcano  of  Schemnitz  find  a  very  close  parallel  in  the  other 

great  centres  of  igneous  activity  in  Hungary  and  Transylvania.    In 

each  case  we  find  a  great  circular  or,  sometimes,  linear  group  of 

*  Jahrbuch  der  k.-k.  lUiohwnstmlt,  Bd.  it.  (1855)  p.  183. 
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mountains  (the  centre  of  volcanic  activity  sometimes  showing  clear 
evidence  of  having  shifted  along  a  line  of  fissure),  which  has  been 
formed  by  enormous  and  frequently  repeated  eruptions  of  andesitic 
lavas  and  tuffs.  In  every  instance  we  find  proofs  that  the  more 
deeply  seated  masses  of  andesitic  lava  have,  in  consolidating,  assumed 
a  highly  porphyritic  or  granitiform  structure,  and  that  the  action 
upon  these  of  acid  gases  and  vapours  has  resulted  in  the  decomposi- 
tion of  the  mass,  with  the  diffusion  of  valuable  metallic  ores 
throughout  the  substance  of  the  rock  and  their  accumulation  in 
considerable  quantities  wherever  a  suitable  fissure  occurred  in  it. 
In  each  of  these  volcanos,  too,  the  eruption  of  the  andesitic  lavas 
appears  to  have  been  followed,  after  an  interval  of  subsidence,  by  the 
extrusion' of  highly  siliceous  rocks  (rhyolites)  and,  finally,  of  extremely 
basic  ones  (basalt  and  augite-andesite)  on  a  much  more  restricted 
scale  than  in  the  case  of  the  older  ejections.  The  fossil  remains 
associated  with  the  masses  of  tuffs  at  the  several  volcanic  centres 
show  that  the  ejection  of  the  different  classes  of  lavas  took  place 
at  periods  which  were  approximately  contemporaneous  in  each  case ; 
and  at  every  point  the  decline  of  volcanic  activity  was  marked  by 
the  appearance  of  hot  and  mineral  springs  and  fumaroles. 

Conclusion. 

The  more  important  results  to  which  we  have  been  led  by  the 
facts  and  arguments  of  the  foregoing  memoir  may  be  briefly 
summed  up  as  follows : — 

(1)  The  igneous  masses  which  in  Hungary  and  Transylvania  have 
been  poured  forth  at  the  surface,  in  the  form  of  andesite  and  quartz- 
andesite  lavas,  have,  where  undergoing  consolidation  at  some  depth 
from  the  surface,  assumed  a  most  perfectly  granitic  character 
("  syenite "  and  "  granite "  of  most  authors,  or,  more  properly 
perhaps,  diorite  and  quart z-diorite).  There  is  the  most  complete  and 
insensible  transition  from  these  granitic  rocks  to  the  true  lavas ;  and 
the  whole  of  them  are  of  Miocene  date. 

(2)  Around  each  of  the  intrusive  masses  which  constitute  the 
links  between  the  volcanic  rocks  poured  forth  at  the  surface  and  the 
subterranean  reservoirs  from  which  they  have  been  derived,  various 
chemical  actions  have  been  set  up  in  the  masses  of  Triaseic  sediments 
through  which  these  have  been  extruded ;  and  these  actions  have 
resulted  in  the  production  of  highly  crystalline  and  foliated  rocks 
which  are  identical  in  petrological  character  with  materials  con- 
stituting widely  spread  metamorphio  areas. 

(3)  But,  while  there  appears  to  be  at  first  sight  a  gradual  passage 
from  the  stratified  rocks  through  these  metamorphic  masses  into  the 
truly  granitic  rocks,  yet  the  phenomena  displayed  by  this  district 
really  afford  no  support  whatever  to  the  theory  that  the  granitic 
masses  are  not  truly  intrusive  at  all,  but  represent  sediments  which 
have  undergone  their  final  and  most  extreme  metamorphism  in  situ. 
On  the  contrary,  not  only  is  the  chemical  and  mineralogical  consti- 
tution of  the  granitio  masses  far  too  uniform  throughout  and  too 
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different  from  that  of  the  surrounding  stratified  rocks  to  admit  of 
any  such  interpretation,  but  the  final  product  of  metamorphism  of 
the  Triassic  rocks  is  actually  seen  in  the  aplite — which  must  have 
been  reduced  to  a  liquefied  condition,  and  graduates  most  insensibly 
through  the  gneissose  and  schistose  rocks  into  the  sedimentary 
masses ;  and  yet  the  distinction  in  character  and  composition  between 
the  aplite  and  the  dioritic  rocks  is  most  clear  and  unmistakable. 

(4)  The  mineral  veins  of  Hungary  and  Transylvania,  with  their 
rich  deposits  of  gold  and  silver,  cannot  be  of  older  date  than  the 
Miocene,  while  some  of  them  are  certainly  more  recent  than  the 
Pliocene.  Hence  these  deposits  of  ore  must  all  have  been  formed  at 
a  later  period  than  the  clays  and  sands  on  which  London  stands ; 
while  in  some  cases  they  appear  to  be  of  even  younger  date  than  the 
gravelly  beds  of  our  Crags ! 

EXPLANATION  OP  PLATE  XX. 

In  this  Plate  the  same  plan  of  oolouring  has  been  adopted  as  in  those  illus- 
trating the  paper  "  On  the  Ancient  Volcanoes  of  the  Highlands,"  published  in 
toI.  ™*  of  this  Journal.  The  distinctive  chemical  character  of  the  several 
Toloanic  rocks  is  indicated  by  different  colours — blue  representing  the  basic 
lavas  and  red  the  acid,  while  the  varieties  of  intermediate  composition  are  di- 
stinguished by  shades  of  purple.  The  depth  of  tint  in  each  case  indicates  the 
more  or  less  highly  crystalline  character  of  the  several  rock-masses ;  thus  dark 
purple  represents  the  granitic  andesite,  or  diorite,  and  fainter  tints  the  ordi- 
nary andeeitic  lavas.  The  same  plan  of  colouring  is  adopted  both  in  the  map 
and  section.  In  the  former  the  broken  line  shows  the  approximate  boundary 
of  the  great  "  Oaldera  "  to  which  the  crater  of  Schemnits  was  reduced  by  pro- 
longed denudation ;  the  continuous  line  is  the  direction  of  the  section  below, 
which  is  drawn  on  a  true  vertical  and  horizontal  scale,  twice  as  great  as  that  of 
the  map.  The  scale  of  the  map  is  about  one  inch  to  six  English  miles ;  that 
of  the  section  one  inch  to  three  miles. 


Discussion. 

The  Pbbsidknt  (Prof.  Duncan)  remarked  that  it  was  carious  to 
note  that  the  same  volcanic  rocks  had  been  ejected  in  past 
times  as  were  being  thrown  out  at  the  present  day ;  whilst,  on  the 
other  hand,  in  two  neighbouring  districts  volcanic  rocks  of  com- 
pletely distinct  natures  were  being  ejected  at  the  same  time.  He 
did  not  consider  plants  to  be  a  safe  guide  to  the  age  of  beds,  as 
they  are  known  to  extend  through  long  periods. 

The  Duke  of  Argyll  expressed  his  personal  thanks  to  Mr.  Judd 
for  the  light  he  had  thrown  on  volcanic  rocks,  more  especially  those 
of  Scotland.  The  most  important  point  was  tke  identity  of  rocks 
hitherto  considered  distinct.  In  the  Isle  of  Hull  granite  had  been 
found  passing  insensibly  into  porphyrinic  and  volcanic  rocks. 

Mr.  W.  W.  Smyth  said  that  formerly  the  rocks  of  this  district  were 
divided  into  metalliferous  and  non-metalliferous.  In  going  over  this 
spot  with  Yon  Hauer  and  others,  he  had  pointed  out  Nummulites  at 
Eisenbach,  and  had  then  maintained  that  the  crystalline  rocks  there 
were  metamorphosed  Nummulitic  Limestone.  A  map  of  part  of 
this  region,  which  he  had  drawn  at  that  time,  agreed  in  most  re- 
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spects  with  Mr.  Judd's ;  but  Mr.  Judd  had  greatly  simplified  our 
notions  of  what  had  hitherto  appeared  to  be  an  excessively  complex 
district 

Mr.  Judd,  in  reply,  stated  that  marine  shells  had  been  found 
along  with  the  plant-remains  in  the  beds  associated  with  andesitic 
lavas,  and  these  had  borne  out  the  views  held  by  botanists  with 
regard  to  the  age  of  these  lavas.  The  Duke  of  Argyll's  discovery  of 
the  leaf-bed  in  the  Isle  of  Mull  constituted  the  starting-point  for  all 
our  knowledge  of  the  age  of  the  volcanic  rocks  of  the  Western  Isles. 
The  transition  of  granite  into  the  volcanic  rocks  was  very  marked 
in  that  island.  The  difference  between  the  rocks  with  glassy  plagi- 
oclase  and  the  earthy  rocks  in  the  Schemnitz  district  was  possibly 
connected  with  the  presence  or  absence  of  metallic  deposits.  In 
Scotland  the  rocks  were  destitute  of  ores ;  but  in  Hungary  they  had 
evidently  been  subjected  to  the  action  of  acid  gases,  and  valuable 
metalliferous  minerals  are  found  abundantly  in  them. 


Digitized  by  VjOOQ IC 


1.  T.  KXWTOV  OH  TWO  CHHL*BOn>  JAWS  WEOU 


35.  On  two  Ohdlsroid  Jaws  from  the  Lowbb  Grsensakd  of  New 
Zealand.  By  E.  Ttjllbt  Newtok,  Esq.,  F.G.S.,  of  HJL 
Geological  Survey.     (Head  Jane  7,  1376.) 

(By  permission  of  the  Director-General  of  H.M.  Geological  Surrey. ) 
[Plate  XXL] 

Hayhto  been  working  for  some  time  past  at  the  Cretaceous  Fishes, 
my  interest  has  been  especially  centred  in  the  group  of  the  Edapho- 
dontidffi ;  for  the  specimens  belonging  to  this  group,  which  have 
been  brought  to  light  within  the  last  few  years,  have  much  enlarged 
our  knowledge  of  these  peculiar  forms  of  fossil  fishes.  The  general 
results  of  my  examination  of  this  group,  will  shortly  be  pub- 
lished; and  in  the  present  communication  it  is  only  proposed  to 
consider  two  specimens  from  the  Lower  Greensand  of  New  Zealand, 
which  have  been  deposited  in  the  British  Museum  by  Dr.  Hector. 
My  attention  was  first  directed  to  these  specimens  by  Mr.  W.  Davies, 
of  the  British  Museum,  when  I  was  examining  the  fine  series  of 
Chimsaroid  jaws  now  in  the  national  collection. 

One  of  these  New-Zealand  specimens  is  the  right  mandible  of  a 
species  of  Ischyodus  already  known  to  us  from  the  Gault  of  Folke- 
stone ;  and  the  second  is  a  small  right  maxilla,  which  is  altogether 
new  and  appears  to  be  generically  distinct  from  any  of  the  fossil 
forms  hitherto  described. 

Before  considering  the  peculiarities  of  the  mandible,  it  will  be  ne- 
cessary to  enter  into  some  explanation  and  description  of  the  species 
to  which  it  is  referred. 

It  appears  that  the  late  Prof.  Agassi*,  some  years  ago,  saw  in  the 
Earl  of  Enniskillen's  collection  of  fossil  fishes,  a  Chimeroid  mandi- 
ble from  the  Gault  of  Folkestone,  which  he  named,  in  manuscript, 
Chimcera  brevirostris.  Subsequently,  in  his  '  Poissons  Foesiles' 
(1843)*,  he  alluded  to  this  specimen  under  the  same  specific  name, 
placing  it  infchis  subgenus  Ischyodon  t ;  but,  most  unfortunately,  he 
gave  no  description  or  figures.  Since  the  publication  of  that 
standard  work  of  fossil  ichthyology,  several  examples  of  Ischyodus- 
mandibles  have  been  obtained  from  the  Gault,  nearly  all  of  which 
appear  to  belong  to  one  species.  These  mandibles  have  generally 
been  referred  to  Agassiz's  /.  brevirostris,  simply  because  they  were 
the  only  forms  of  Ischyodus  known  from  the  Gault ;  but  the  want  of 
a  figure  or  description  of  the  original  specimen  left  the  matter  in 
great  uncertainty. 

At  the  request  of  my  colleague,  Mr.  Etheridge,  the  Earl  of  Ennis- 
killen  has  very  kindly  sent  the  original  type  specimen  of  Agassis's 
/.  brevirostris  to  the  Museum  of  Practical  Geology  for  examination 
and  comparison ;  and  I  am  now  therefore  enabled  to  give  for  the  first 

*  Reeherohes  sur  les  Poissons  Foesiles,  iii.  p.  344. 

t  Agassis  proiisionallj  adopted  Sir  Philip  Egerton's  genus  Itckyodu*,  with 
the  above  modification. 
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time  a  figure  of  the  type  of  this  species  (PI.  XXI.  fig.  4).  Although 
the  specimen  is  much  broken,  there  can  be  no  doubt  of  its  specific 
identity  with  those  mandibles  which  have  been  more  recently 
obtained  from  the  same  horizon,  and  in  a  more  perfect  condition. 

Among  the  fish-remains  from  the  Cambridge  phoephatic  deposits, 
examples  of  /.  brevirottris  (which  can  now  be  definitely  determined 
to  be  this  species)  are  not  uncommon ;  and  one  of  the  varieties  there 
found  agrees  very  closely,  not  only  with  the  type  specimen  from 
the  Gault  of  Folkestone,  but  also  with  the  New-Zealand  Lower- 
Oreensand  example,  which  forms,  in  part,  the  subject  of  the  present 
communication. 

As  L  brevirosiris  has  never  been  described,  it  is  proposed  here  to 
give  the  chief  peculiarities  of  the  mandible ;  and  considering  the 
fragmentary  character  of  the  type  specimen,  it  is  thought  better  to 
describe  a  more  perfect  example,  and  afterwards  to  compare  with 
this,  first  the  original  type  specimen,  and  then  the  one  from  New 
Zealand. 

Good  evidence  of  the  form  of  the  maxilla  and  promaxilla  of  /. 
brevirottris  has  now  been  obtained ;  but  as  these  parts  are  not  re- 
quired here  for  comparison,  I  do  not  purpose  describing  them. 

Ischyodu8  BREvntosTRis,  Agassiz.     (Plate  XXI.  figs.  1-5.) 

The  specimen  of  a  right  mandible,  represented  by  fig.  1,  has  been 
chosen  for  description  on  account  of  its  being  extremely  like  Agas- 
siz's  type  specimen,  and  also  because  it  is  intermediate  in  form  be- 
tween two  or  three  extreme  varieties,  this  species  being,  like  others 
of  the  family,  very  variable  in  form.  The  general  appearance  of  the 
jaw  will  be  best  understood  by  a  reference  to  the  figure.  It  is  some- 
what more  triangular  in  outline  than  is  usually  the  case  in  this 
genus,  or  even  in  other  specimens  of  the  present  species.  The  oral 
margin  (atod)ia  seen  to  be  deeply  indented  anteriorly  and  pos- 
teriorly. The  front  or  symphysial  margin  is  slightly  convex.  The 
posterior  margin  is  irregular  in  outline,  being  always  more  or  less 
broken.  It  is  evident  from  the  form  of  these  jaws,  that  they  were 
continually  growing  at  the  hinder  part,  and  being  thrust  forward  as 
the  anterior  portions  were  worn  away ;  from  this  arrangement  it  is 
obvious  that  at  the  hinder  part  the  bone  would  be  only  imperfectly 
ossified,  and  consequently  easily  broken  ;  and  as  a  matter  of  fact 
the  hinder  part  of  these  fossils  is  always  more  or  less  broken. 

Viewed  from  the  inner  side,  as  in  fig.  1,  the  oral  surface  (os)  of 
this  mandible  is  seen  to  be  armed  with  five  of  those  peculiar  denti- 
nal surfaces  which  have  been  sometimes  termed  tritors,  but  which 
will  be  alluded  to  in  this  paper  as  teeth  (fig.  1,  abode).  The 
first  of  these  is  placed  at  the  end  of  the  beak  (a).  The  dentinal 
substance  of  which  this  is  composed  is  arranged  in  a  series  of  plates 
or  lamellae,  set  somewhat  obliquely  to  the  anterior  border.  These 
lamellae  are  not  seen  in  fig.  1 ;  but  in  specimens  with  the  outer 
surface  denuded  they  are  seen  to  extend  along  near  the  front  mar- 
gin as  in  fig.  2.  The  dentinal  substance  of  which  the  other  four  teeth 
are  composed  is  not  arranged  in  lamelto,  but  each  tooth  consists  of  a 
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number  of  tubes  (filled  with  dark  substance),  generally  set  perpendicu- 
larly to  the  surface,  around  which  the  dentinal  substance  is  deposited. 
A  surface-view  of  a  portion  of  one  of  these  tubular  teeth  is  shown 
in  tig.  3.  The  tooth  6  (fig.  1)  is  small,  and  placed  at  the  anterior 
end  of  the  upper  margin  of  the  symphysis.  The  tooth  near  the  let- 
ter c  causes  the  projection  upon  the  oral  margin,  and  extends  inwards 
almost  to  the  large  central  one,  e.  The  posterior  and  outer  tooth, 
d,  extends  for  some  little  distance  near  to  the  margin  of  the  bone. 
The  median  tooth,  e,  is  much  larger  than  either  of  the  others; 
in  this  species  there  is  always  a  space  between  it  and  the  symphy- 
sis! tooth,  6.  Below  and  behind  the  teeth  the  bone  is  covered  by  a 
delicate  layer  of  enamel-like  substance,  which  is  smooth  and  shining 
and  shows  definite  lines  of  growth.  The  symphysis!  surface  (*y) 
is  slightly  convex ;  but  towards  its  oral  margin  it  is  marked  by  a 
deep  groove  with  a  rounded  and  projecting  ridge  immediately  above  it 

If  Agassiz's  type  specimen  (fig.  4)  be  compared  with  the  more 
perfect  one  described  above  (fig.  1),  the  close  resemblance  in  every 
particular  will,  I  think,  be  obvious,  the  greatest  difference  being 
that  the  middle  tooth  (e)  is  larger  in  the  type  (fig.  4) ;  this  differ- 
ence, however,  must  be  regarded  as  of  little,  importance,  as  it  is  al- 
most wholly  due  to  the  fact  that  the  bony  covering  is  more  broken 
away  in  the  latter. 

It  might  be  thought  that  the  differences  in  general  outline  and  in 
the  form  of  the  teeth  between  the  two  specimens  represented  by  figs. 
1  and  4  would  justify  their  being  referred  to  different  species  ;  but  the 
examination  of  a  large  series  from  the  Gault  and  Cambridge  deposits 
has  convinced  me  that  /.  breirirostri*  varies  to  a  far  greater  extent 
than  is  shown  in  these  two  specimens.  In  some  instances  the  tooth 
e  is  narrower  than  it  is  in  fig.  1,  and  extends  almost  to  the  oral 
margin  at  c ;  in  other  cases  the  same  tooth  will  be  proportionally 
much  wider,  and  placed  further  back.  The  extent  to  which  the 
oral  margin  is  indented  also  varies  much,  being  sometimes  more, 
and  sometimes  less  than  in  fig.  1.  The  proportional  length  of  the 
oral  margin  from  a  to  d  likewise  varies. 

The  New-Zealand  specimen  (fig.  5)  has  the  outer  surface  imbedded 
in  the  matrix,  and  a  portion  of  the  beak  broken  off;  but  still  the 
fossil  is  sufficiently  perfect  to  allow  of  a  very  close  comparison. 
The  description  of  the  Cambridge  mandible  given  above  would 
answer  equally  well  for  this  one  from  the  Antipodes;  but  a 
comparison  of  the  two  (figs.  1  &  5)  will  show  that  there  are  some 
differences.  When,  however,  the  variations  which  are  known  to 
occur  among  the  Gault  specimens  belonging  to  this  species  are  duly 
considered,  these  differences  will  be  regarded  as  of  minor  impor- 
tance. The  greatest  dissimilarities  are  these  :  in  the  New-Zealand 
specimen  the  oral  margin  was  probably  shorter  and  less  indented, 
the  margin  from  d  to  a?  is  proportionally  longer,  and  the  middle 
tooth-  e  is  larger,  and  extends  further  forward  and  nearer  to  the 
symphysis!  tooth,  b.  If  now  the  figs.  1,  4,  &  5  be  compared,  it 
will,  I  think,  be  acknowledged  that  there  is  as  great  a  difference 
between  the  Cambridge  and  the  Folkestone  specimens  (figs.  1  &  4) 
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as  there  is  between  the  New-Zealand  form  (fig.  5)  and  the  original 
type  specimen  of  /.  brevirostria  (fig.  4). 

Callobhtnchus*  Hectori,  nov.  sp.    (PL  XXI.  figs.  6-9.) 

The  second  Chimaeroid  jaw,  alluded  to  above  as  having  been 
brought  from  New  Zealand  by  Dr.  Hector,  is  a  small  right  maxilla 
which  presents  certain  peculiar  and  interesting  characters. 

This  maxilla  measures  little  more  than  an  inch  in  length,  and  not 
more  than  three  fourths  of  an  inch  in  width  at  its  widest  part.  The 
oral  surface  of  the  specimen  is  exposed,  the  upper  portion  being 
imbedded  in  the  matrix.  The  entire  bone  is  much  depressed,  as 
shown  in  figs.  8  &  9 ;  and  this  is  evidently  its  natural  form,  for 
there  is  not  the  slightest  evidence  of  its  having  been  distorted  in 
the  process  of  fossilization.  It  is  narrowest  in  front,  and  widens  out 
at  the  hinder  part,  the  outer  angle  being  produced  backwards, 
downwards,  and  outwards,  so  as  to  form  a  conspicuous  process.  The 
oral  surface  is  provided  with  but  one  tooth,  composed  of  the  tubular 
kind  of  dentinal  substance ;  this  one,  however,  has  a  peculiar 
form.  Posteriorly  the  tooth  appears  to  pass  into  the  substance  of 
the  bone,  as  in  the  other  forms  of  the  Edaphodontidee ;  and  at  this 
part  it  is  proportionally  wide,  occupying  the  greater  part  of  the 
width  of  the  bone ;  passing  forwards  it  is  seen,  at  a  distance  of  about 
£  of  an  inch  from  its  hinder  border,  to  separate  into  two  processes : 
one  of  these  passes  along  the  inner  side  near  the  symphysis,  almost 
to  the  anterior  end  of  the  maxilla ;  the  other  extends  along  the  outer 
margin  for  some  little  distance,  but  does  not  reach  so  far  forward  as 
the  inner  one.  Between  these  two  processes  there  is  a  depressed 
space,  the  inner  process  standing  up  in  relief  as  a  rounded  ridge. 
Both  sides  of  each  of  these  processes  appear  to  have  been  worn  by 
attrition  against  the  teeth  of  the  mandible.  Judging  from  the  man- 
ner in  which  this  maxillary  tooth  is  worn,  it  seems  at  first  sight  that 
there  must  have  been  at  least  three  teeth  in  the  mandible— one  to 
cut  out  the  central  groove  in  the  maxillary  tooth,  and  a  second  and 
a  third  to  wear  away  the  inner  and  the  outer  sides.  But  a  study  of 
the  recent  Gallorhynehus  shows  that  the  mandible  was  probably  pro- 
vided with  but  one  tooth. 

It  will  be  remembered  that  the  maxilla  of  Edaphodon  is  charac- 
terized by  three  teeth,  that  of  Isekyodus  by  four,  and  that  of  Ela$- 
modus  by  possessing  two  elongated  teeth  and  a  series  of  dental 
laminae  upon  the  outer  margin.  In  the  young  condition  it  appears 
that  the  two  long  teeth  are  joined  posteriorly  and  rolled  in  a  pecu- 
liar scroll-like  manner.  In  general  appearance  this  tooth  resembles 
that  of  the  New-Zealand  maxilla  (compare  PI.  XXI.  fig.  6  with 

*  When  the  paper  was  read  before  the  Society,  this  specimen  was  described 
as  the  type  of  a  new  genus  under  the  name  of  Upsilodus ;  but  some  remarks 
made  by  the  referee  induced  me  to  reexamine  the  matter.  Through  the 
kindness  of  Dr.  Gunther,  I  have  had  the  advantage  of  studying  the  recent 
Callorhynchus  antarcticus,  and  hare  convinced  myself  that  there  are  no  such 
important  differences  between  its  maxilla  and  this  fossil  as,  from  descriptions 
alone,  I  had  supposed  to  exist.  I  have  therefore  felt  compelled  to  refer  the 
fossil  maxilla  to  CaL'orhynchu$. 
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GeoL  Surv.  Deo.  6,  pL  i.  fig.  8) j  but  this  resemblance  is  more  appa- 
rent than  real. 

Concerning  the  maxilla  of  Ganodus,  one  would  like  to  be  better 
informed.  ^  Agaaaiz  says  ((  Poissons  Fossiles,'  vol.  iii.  p.  339)  "  that 
the  upper  jaw  of  this  genus  resembles  that  of  CaUorhynchus ;  but  its 
external  face,  in  place  of  being  entirely  concave,  presents  only  a 
deep  groove  along  the  external  part,  and  the  remainder  is  convex.99 
The  New-Zealand  specimen  does  not  agree  with  this  description,  nor 
with  the  figures  which  are  given.  Concerning  the  mandibular  teeth 
Agassiz  goes  on  to  say  that  they  are  near  together  and  united  into 
a  protuberance  covered  by  a  bony  layer,  and  that  they  are  placed 
so  obliquely  as  to  be  parallel  with  the  dentary  margin. 

From  these  considerations,  I  think  it  will  be  obvious  that  the 
New-Zealand  specimen  cannot  be  referred  to  either  Ischyodus,  Eda- 
phodon,  or  Elasmodus,  and  also  that  we  should  not  be  justified  in 
placing  it  in  the  genus  Ganodus ;  for  it  seems  extremely  improbable 
that  teeth  placed  obliquely  in  the  mandible  should  wear  a  single 
maxillary  tooth  into  longitudinal  grooves. 

A  comparison  of  the  New-Zealand  specimen  with  the  maxilla  of 
CaUorhynchus  antarcticus  shows  that,  although  there  are  minor  dif- 
ferences, yet  in  all  their  chief  points  they  are  remarkably  alike. 
Their  general  form  and  size  closely  agree.  In  both  there  is  but  a 
single  tooth,  forked  anteriorly  and  covered  by  the  bone  posteriorly. 
The  greatest  differences  between  the  two  are  these :  the  tooth  of 
the  New-Zealand  maxilla  is  flatter,  larger,  and  has  longer  anterior 
processes  than  that  of  C.  antarcticus,  the  tooth  of  the  latter  being 
more  rounded  and  not  approaching  so  nearly  to  the  borders  of  the 
bone,  while  the  anterior  portion  is  much  less  deeply  indented. 

Each  mandible  of  C.  antarcticus  possesses  but  one  tooth ;  and  it  is 
this  which  cuts  out  the  indentation  in  the  front  of  the  maxillary 
tooth,  thus  forming  the  two  processes.  The  outer  margin  of  the 
mandible,  although  not  armed  with  teeth,  is  trenchant  and  wears 
away  the  outer  surfaces  of  the  maxillary  bone  and  tooth.  The  inner 
or  8ymphysial  edge  of  the  maxillary  tooth  stands  above  the  surface 
of  the  bone,  so  that  when  the  two  maxillae  are  together  there  is  a 
groove  between  the  teeth.  This  conformation  is  markedly  shown 
in  the  New-Zealand  maxilla. 

The  differences  above-mentioned  between  the  maxilla  of  C.  antarc- 
ticus and  the  New-Zealand  fossil  are  of  such  a  character  that  they 
can  scarcely  be  regarded  as  of  more  than  specific  value;  and  it  is 
suggested  that  the  name  of  the  Director-General  of  the  New-Zealand 
Survey,  who  brought  the  specimen  to  this  country,  should  be  as- 
sociated with  it  as  a  specific  appellation,  and  that  this  Chimaeroid 
fish  should  be  known  as  CaUorhynchus  Hectori. 

With  regard  to  the  geological  horizon  from  which  the  two  speci- 
mens constituting  the  subject  of  the  present  communication  were 
derived,  the  only  information  I  have  been  able  to  obtain  is,  that 
they  were  found,  together  with  other  fish  remains,  imbedded  in  a 
fine  conglomerate,  believed  to  be  of  Lower  Greensand  age,  which 
oocurs  at  Amuri  Bluff,  New  Zealand. 
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DESCRIPTION  OF  PLATE  XXI. 

IsCHYODUS  BREVIROSTRI8,  Ag.      FigS.  1-5. 

Fig.  1.  A  right  mandible,  from  the  Cambridge  phospbatio  deposits,  seen  from 
the  inner  side :  a,  laminated  tooth  at  extremity  of  beak ;  b,  svmphygial 
tooth  of  tubular  dentine ;  c,  anterior  and  outer  tooth  of  tubular  den- 
tine ;  d,  posterior  and  outer  tooth  of  tubular  dentine ;  e,  median  tooth 
of  tubular  dentine ;  osf  oral  surface ;  *y,  symphysial  surface  ;  x,  pos- 
terior angle.    In  the  Museum  of  Practical  Geology. 

Fig.  2.  A  portion  of  the  beak  of  a  left  mandible  from  Cambridge,  having  the 
outer  surface  ground  away  to  show  the  laminated  structure  of  the 
tooth.    In  the  Museum  of  Practical  Geology. 

Fig.  3.  A  portion  of  the  surface  of  one  of  the  tubular  teeth,  enlarged  six  dia- 
meters, showing  the  central  tubes  and  the  surrounding  dentine.  In 
the  Museum  of  Practical  Geology. 

Fig.  4.  A  right  mandible  from  the  Gault  of  Folkestone.  The  original  type  of 
the  species  alluded  to  in  Agassiz  s  '  Poissons  Fossiles,'  iii.  p.  344.  In 
the  collection  of  the  Earl  of  Enniskillen.    Letters  as  in  fig.  1. 

Fig.  5.  A  right  mandible  from  the  Lower  Greensand  of  New  Zealand.  In  the 
British  Museum.    Letters  as  in  fig.  1. 

Callorhyhchus  Hectori,  sp.  hot.    Figs.  6-9. 

Fig.  6.  A  right  maxilla  from  the  Lower  Greensand  of  New  Zealand,  showing  the 
lower  or  oral  surface :  a,  the  inner  spur  of  the  tooth ;  b,  the  outer 
spur  of  the  tooth.    In  the  British  Museum. 

Fig.  7.  Same  specimen,  enlarged. 

Fig.  8.  Same  specimen,  enlarged,  front  riew. 

Fig.  9.  „  „        outer  side. 


Dl8CUS8I0N. 

Mr.  Ethebidge  stated  that  he  had  been  called  upon  to  examine 
carefully  the  large  series  of  fossils  brought  from  New  Zealand  by  Dr. 
Hector,  and  that  he  had  been  much  struck  with  those  associated 
with  the  specimen  of  I&chyodus  noticed  by  Mr.  Newton.  These 
were  undoubtedly  of  Cretaceous  type ;  and  the  deposit,  in  its  general 
conditions,  appeared  closely  to  resemble  the  remarkable  beds  of 
tTpware  and  Farringdon.  Mr.  Newton's  paper  was  of  great  import- 
ance, as  throwing  much  light  upon  the  distribution  in  time  and 
space  of  so  interesting  and  remarkable  a  group  as  the  Chimseroid 
fishes. 

Sir  Philip  Eoebton  was  gratified  to  find  that  the  divisions  esta- 
blished by  him  in  this  group  of  fishes  some  twenty  years  ago  still 
held  good.  Mr.  Newton's  determination  of  the  Isehyodus  was  cer- 
tainly of  great  interest,  as  demonstrating  the  occurrence  in  New 
Zealand  of  a  species  belonging  to  our  own  Greensand. 

The  Author  stated  that  the  nearest  ally  of  his  new  form  appeared 
to  be  the  Hying  Callorhynckus.  The  maxilla  was  remarkably  well 
preserved ;  and  its  single  tooth  seemed  to  furnish  evidence  of  the 
existence  of  three  teeth  in  the  lower  jaw. 
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36.  On  a  Bone-bed  in  the  Loweb  Coal-meabubes,  with  an  Entoie- 
bation  of  the  Fish-remains  of  which  it  is  principally  composed. 
By  James  W.  Davis,  Esq.,  F.G.S.,  F.L.S.    (Read  June  7, 1876.) 

Near  Bradford  and  Clifton,  in  Yorkshire,  a  peculiar  stratum  of  shale, 
which  contains  so  great  a  number  of  remains  of  fossil  fishes  that  I 
venture  to  call  it  a  bone-bed,  occurs  immediately  above  the  Better- 
bed  coal,  and  is  known  to  extend  over  a  surface  four  or  five  miles 
in  length  by  about  two  in  average  breadth. 

The  Better-bed  coal  is  a  member  of  the  Lower  Coal-measures,  or 
Oannister  series.  It  occurs  about  700  feet  above  the  Bough  rock, 
the  uppermost  bed  of  the  Millstone  grits,  and  is  separated  from  the 
Black-bed  coal  by  overlying  strata  of  an  average  thickness  of  120 
feet.  It  is  extensively  worked  by  the  Low-moor  Iron  Company, 
and  used  by  them  in  smelting  the  clay-ironstone  of  the  district.  It 
is  peculiarly  valuable  for  this  purpose  on  account  of  its  freedom  from 
sulphur,  the  excellence  of  the  iron  manufactured  by  this  firm  being 
in  a  great  measure  ascribed  to  the  use  of  the  Better-bed  coal. 

The  following  section  (p.  333)  will  explain  the  position  of  the 
bone-bed.  The  section  extends  from  the  thick  series  of  sandstones 
known  as  the  Elland  Flag  rock,  below  the  Better-bed  coal,  to  the 
Black-bed  coal  above. 

The  beds  vary  very  much  in  thickness  within  even  a  small 
area,  the  sandstones  and  shales  often  thinning  out  from  a  thickness 
of  from  twenty  to  forty  feet  in  less  than  a  mile,  and  altogether 
disappearing.  The  most  persistent  beds  are  the  coals  and  the  fire- 
clays, or  seat-earths  on  which  they  rest.  Hie  section  may  be  taken 
as  a  fair  average  in  this  locality. 

The  bone-bed  rests  immediately  on  the  surface  of  the  coal,  and 
varies  from  a  quarter  to  five  eighths  of  an  inch  in  thickness.  Above 
is  a  thick  bed  of  blue  argillaceous  shale  containing  layers  of  iron- 
stone nodules,  the  only  organic  remains  found  in  it  being  those  of 
plants.  The  bone-bed  is  composed  in  a  great  measure  of  commi- 
nuted bones,  principally  of  fishes,  though  remains  of  Labyrinthodonte 
are  sometimes  found ;  mixed  with  these  are  minute  fragments  of 
coal,  often  in  thin  layers  of  small  extent  The  whole  presents 
the  appearance  of  a  brownish-black,  argillaceous  shale,  and  is  easily 
distinguished  from  the  light-bluish  shale  above.  It  is  continuous 
over  a  large  area,  being  invariably  found  (where  the  coal  has  been 
worked)  from  the  north-west  of  Wyke,  near  Bradford,  to  Clifton. 
Nearly  all  my  specimens  are  from  the  latter  district. 

I  would  briefly  draw  attention  to  the  section,  in  order  to  point 
to  the  probable  circumstances  attending  the  aggregation  and  depo- 
sition of  the  strata  composing  it.  Beginning  with  the  Elland  Flag- 
rock,  we  find  it  composed  of  a  great  thickness  of  sandstones,  with 
intercalations  of  shale,  which  were  probably  of  littoral  origin,  or 
may  have  been  the  estuary  of  a  large  river.     A  gradual  elevation  of 
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Diagram  Section  of  Strata  to  show  Position  of  Bone-bed  near 
Bradford  and  Clifton,  Yorkshire. 
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the  land  took  place  and  was  in  course  of  time  covered  by  a  dense 
vegetation,  which  ultimately  formed  the  Better-bed  coal.  The  roots 
of  the  plants  are  found  in  the  seat-earth  below  the  coal,  from  which 
the  inference  may  be  drawn  that  they  grew  and  decayed  where  they 
are  now  found,  and  were  not  washed  from  a  distance.  The  land 
became  again  submerged,  probably  forming  an  estuary,  whilst  the 
materials  forming  the  bone-bed  were  deposited  on  the  coal.  That  it 
was  an  estuary-deposit  receives  confirmation  from  several  sources. 
The  fish-remains  found  imbedded  in  it  belong  to  two  distinct  groups  : 
the  Elasmobranchii,  of  which  the  sharks  and  rays  are  existing  repre- 
sentatives, are  chiefly  confined  to  salt  waters ;  whilst  a  second  group, 
the  Oanoidei,  have  several  living  representatives  which  are  only  found 
in  fresh  water,  as  the  Lepidosteus*  Amia,  and  Calamoichthys  of  the 
rivers  of  America  and  Africa,  whilst  others,  as  the  sturgeon,  can  live 
either  in  salt  or  brackish  water.  It  is  by  no  means  certain  that  the 
habits  of  the  fish  during  the  Carboniferous  period  were  exactly  simi- 
lar to  those  of  their  descendants ;  but  supposing  that  they  were  so, 
it  is  not  difficult  to  conceive,  when  the  land  was  lowered  sufficiently 
for  the  formation  of  an  estuarine  deposit,  that  the  detached  teeth  and 
spines  of  the  Elasmobranchs  might  be  washed  towards  the  shore  by 
the  tides,  and  there  mixed  with  the  remains  of  Ganoids  from  the 
river.  This  also  appears  probable  when  the  broken  and  frag- 
mentary condition  of  the  fossils  is  considered ;  for  being  constantly 
subject  to  attrition  by  each  succeeding  wave,  the  state  in  which  they 
are  found  would  be  the  natural  result. 

After  some  time,  the  land  was  lowered  still  more,  and  the  mud 
brought  down  by  the  stream,  being  deposited  in  deeper  water, 
formed  the  bed  of  blue  shale  resting  upon  the  bone-bed.  The  over- 
lying strata  of  alternating  beds  of  coal,  shale,  and  sandstone  lead  to 
the  inference  that  the  elevation  and  subsidence  of  the  land  occurred 
repeatedly. 

Before  proceeding  to  the  enumeration  of  the  fish- remains  I  have 
been  able  to  identify  from  the  bone-bed,  I  wish  to  acknowledge  my 
indebtedness  to  the  Earl  of  Enniskillen,  Sir  Philip  de  M.  Grey  Eger- 
ton,  and  W.  P.  Sladen,  Esq.,  who  have  kindly  placed  their  collec- 
tions at  my  disposal  for  comparison  with  my  specimens,  and  also  to 
L.  G.  Miall,  Esq.,  who  identified  the  remains  of  Labyrinthodonts. 

ELASMOBRANCHS. 
neros  formosus,  Agass. 

CX7LATUB,  Ag. 

tnd  dorsal  spines  of  this  genus  are  frequently  met  with, 
rf  the  pectoral  arch  are  also  found,  and  occasionally 
i  agree  n  covered  with  small  tubercles, 
ing  lines  of  G.  formosus  are  sometimes  found  divided  into 
tiich  are  characteristic  of  the  second  species,  O.  tubercu- 
is  the  various  intermediate  stages  can  be  traced  in  a 


Digitized  by  VjOOQ IC 


J.  W.  DAVIS  ON  A  BONE-BED  DC  THE  LOWER  COAL-MEASURES.      335 

series  of  the  spines,  I  infer  that  there  can  be  no  sufficient  grounds 
for  considering  the  latter  more  than  a  variation  from  the  original 
type. 

3.  CtBNACANTHUS  HTBODOIDB8,  Eg. 

Tolerably  abundant.  In  good  state  of  preservation.  Spines  12 
to  15  inches  long. 

4.  CrENACANTHU8,  8p.  ? 

Straight  Ridges  much  broader  than  in  C.  hybodoidcs,  and  much 
fewer  in  number,  being  only  5  or  6,  whilst  C.  hybodoides  has  16  or  1 8. 
The  spine  presents  a  fibrous  appearance,  as  though  the  ganoine  had 
been  dissolved  away,  exhibiting  the  bony  structure  underneath.  Its 
length  is  from  4  to  6  inches. 

5.  Ctenacanthus,  sp.  ? 

This  spine  differs  from  the  preceding  in  being  more  curved,  with 
the  ridges  symmetrical,  and  not  branching  into  each  other,  and 
closer  and  finer  in  appearance.  It  is  5|  inches  long,  |  inch  broad 
at  the  base,  and  tapers  to  a  fine  point. 

6.  Lepracawthtjs  Colei,  Egerton. 

"Was  described  by  Prof.  Owen  in  the  4  Geological  Magazine '  for 
1869,  p.  481,  from  a  single  specimen  found  by  tbe  Earl  of  Ennis- 
killen  in  the  coal-shale  at  Ruabon.  The  species  occurs  in  the  bone- 
bed,  about  a  score  of  specimens  having  been  found.  The  largest  mea- 
sures 3£  inches  in  length,  and  ^6  of  an  inch  in  width,  being  an  inch 
longer  than  the  one  described  by  Prof.  Owen.  He  says,  "  The  spine 
is  gently  curved,  moderately  compressed,  with  the  back  or  convex 
border  rounded ;  the  thinner  concave  border  is  armed  by  relatively 
large  recurved  pointed  denticles,  subcompressed  and  strengthened  by 
an  almost  ridge-like  swelling  along  the  middle  of  each  side.  These 
denticles  are  few  in  number  compared  with  most  similarly  barbed 
fossil  fish-spines  :  four  project  from  about  one  third  of  the  length 
of  the  body  of  the  spine ;  and  not  more  than  seven  are  traceable  in 
the  present  specimen."  In  one  or  two  of  the  specimens  from  the 
bone-bed,  which  have  left  the  matrix  without  being  fractured,  the 
spine  is  seen  to  have  been  hollow,  with  a  row  of  denticles  on  each 
side  of  the  concave  border;  these  are  placed  alternately,  and  not  op- 
posite to  each  other,  so  that  there  are  13  or  14  denticles,  in  place  of 
seven  as  seen  by  Prof.  Owen,  one  half  of  the  type  specimen  being 
hid  in  the  matrix. 

7.  Acanthodes  Warm,  Egerton. 

Spines  of  this  species  are  common.  They  range  in  size  from  an 
inch  and  a  half  long,  and  one  eighth  of  an  inch  broad,  to  7  or  8 
inches  in  length,  and  fully  half  an  inch  in  breadth.  All  are 
characterized  by  the  deep  furrow  running  parallel  to  the  convex 
portion  of  the  spine. 
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8.  Pleubacakthto  kevissimus,  Agass. 

Very  rare.  One  specimen  very  perfect,  nearly  8  inches  in  length, 
and  five  eighths  broad  at  the  base,  gradually  tapering  to  a  blunt 
point.  A  double  row  of  denticles  extends,  on  each  side  from  the 
point,  five  inches  along  the  spine. 

9.  Obthacakthtjs  cylikdbicus,  Agass. 

The  specimens  of  this  species  are  generally  small,  rarely  exceeding 
three  or  four  inches  in  length.  They  are  found  rarely  in  the  bone- 
bed. 

10.  DlPLODUS  GIBB08U8,  AgaSS. 

Teeth  rare.  They  are  probably  the  teeth  of  Pleuracattihus  or 
Orthacanthus.  Sir  P.  Groy  Egerton  has  established  their  connexion 
with  the  former ;  and  Dr.  Newberry  has  found  the  spines  of  the  latter 
associated  with  the  teeth  of  Diplodus  in  such  a  manner  as  to  leave  no 
doubt  that  they  belonged  to  the  same  fish.  Both  spines  wore 
cephalic  and  nearly  related.  It  is  probable  that  different  species  of 
Diplodus  belong  to  each  of  these  genera. 

11.  Gen.  nov. 

A  spine  hitherto  undescribed.  It  is  4|  inches  in  length,  with  a 
diameter  of  4-  of  an  inch.  The  only  specimen  I  have  is  crushed  from 
the  base  for  2  inches  towards  the  apex ;  the  remaining  portion  is  round, 
without  any  hollow  for  the  insertion  of  fin-rays,  and  gradually  tapers 
to  a  point.  It  is  slightly  curved,  principally  on  the  convex  or  pos- 
terior portion  of  the  spine.  The  surface  presents  a  fibrous  appear- 
ance ;  otherwise  it  is  quite  plain  and  smooth.  On  the  concave  surface 
of  the  spine  are  eight  denticles,  separated  from  each  other  by  about  1 
of  an  inch,  the  intervals  between  those  nearer  the  base  being  wider  ana 
gradually  becoming  smaller  nearer  the  point.  The  denticles  are  com- 
paratively large,  flattened,  and  blunt,  and  extend  from  the  spine 
nearly  J  of  an  inch.  A  second  specimen,  in  the  cabinet  of  W.  P. 
Sladen,  Esq.,  is  completely  separated  from  the  matrix ;  it  is  nearly 
straight,  and  shows  no  evidence  of  a  second  row  of  denticles.  A 
transverse  section,  cut  from  the  spine  about  one  third  its  length 
from  the  base  and  magnified  twenty  diameters,  shows  the  internal 
part  to  be  rather  more  than  half  the  diameter  of  the  spine,  and  ap- 
parently hollow.  The  bony  structure  surrounding  the  central  part 
is  composed  of  numerous  ridges  without  definite  arrangement,  be- 
tween and  amongst  which  are  pits  or  vacuoles,  tho  whole  presenting 
a  labyrinthoid  appearance.  The  bonv  part  of  the  section  has  been 
cracked  both  from  the  external  and  internal  margins.  The  cracks 
are  filled  up  with  iron  pyrites. 

It  is  probably  a  cephalic  spine  allied  to  Pleuracanthus. 

12.  Hoplokchus,  gen.  nov. 

Three  or  four  pines  found  in  the  bone-bed  present  characters 
differing  from  any  previously  described.  They  are  1J  inch  long 
and  y^  broad  at  the  base.     They  are  straight  except  a  slight  curve 
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on  tbe  anterior  margin  towards  the  point.  From  the  apex  to  | 
of  an  inch  from  the  base  the  side  of  the  spine  is  ornamented  by  lon- 
gitudinal enamelled  ridges,  six  in  number ;  the  remaining  portion 
has  been  imbedded  in  the  integument  of  the  fish.  The  line  dividing 
the  two  parts  lies  obliquely  across  the  spine!  the  posterior  border 
being  the  shorter  one.  The  ridges  in  one  or  two  instances,  by  run- 
ning into  each  other,  present  a  bifurcated  appearance.  The  whole 
of  the  spine  is  slightly  compressed.  Along  the  posterior  margin  is 
a  series  of  minute  denticles  scarcely  distinguishable  without  the  aid 
of  a  magnifying-glass. 

The  two  genera  to  which  these  spines  are  most  nearly  allied  are 
Onchus  and  Homacanihus  of  Agassiz.  They  differ  from  the  former 
in  having  denticles,  the  genus  Onchus  being  described  by  Agassiz  in 
the  '  Monographic  des  Poissons  du  Vieux  Ores  Rouge '  as  "  compre- 
hending only  the  Icthyodorulites  which  are  straight  or  feebly  arched, 
with  longitudinal,  smooth,  and  uniform  furrows,  and  having  the  base 
bevelled ;"  whilst  in  the  same  monograph  Homacanihus  is  described  as 
including  very  small  Ichthyodorulites  "  armed  with  crenulations  on 
their  posterior  border,  and  their  sides  ornamented  by  homogeneous 
longitudinal  furrows."  The  only  specimens  known  are  named  H. 
arenatus  "  from  the  arched  form  of  the  spines,  which  are  curved  like  a 
sickle."  The  spines  from  the  coal-measures  differ  from  Homacanthus 
in  being  straight  and  having  the  ridges  bifurcating. 

Sir  Philip  Egerton,  who  has  a  specimen  of  the  spine,  suggests  the 
generic  name  "  Hoplonchus  "  as  signifying  the  character  distinguish- 
ing them  from  Onchus,  which  appears  to  be  their  nearest  relative. 

13.  Plbtjrodus  Rankinii,  Agass. 

14.  Pleurodus  affinis,  Agass. 

I  have  nearly  two  hundred  teeth  of  these  species  from  the  bone- 
bed.  They  differ  very  much  in  form,  size,  and  character.  Borne 
have  broad  wing-like  processes  spreading  from  the  main  ridge  of  the 
tooth;  others  are  narrow  and  elongated.  Many  are  ornamented 
with  a  series  of  well-defined  striae  running  across  them  transversely, 
whilst  the  majority  are  smooth  and  plain  or  slightly  punctured. 
The  size  ranges  from  two  tenths  of  an  inch  to  seven  tenths.  Prof. 
Agassiz  named  the  two  species,  but  did  not  describe  them.  Judging 
from  the  manner  in  which  the  species  run  into  each  other  in  speci- 
mens in  my  cabinet,  it  will  probably  be  found,  when  the  fish  is  well 
known,  that  the  teeth  are  from  different  parts  of  the  mouth  of  one 
species  rather  than  belonging  to  separate  ones. 

15.  Helodus  simplex,  Agass. 
Rare.     Two  or  three  teeth. 

16.  HELODC8,  sp.  ? 

Rare.     Two  teeth. 

17.  CLADODUS  M1RABIL18,  AgRSB. 

Not  common.     Teeth. 
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18.  PaEonoDTrs,  sp.  ? 
Teeth. 

19.  Petalodus  Hasttkosue,  Owen. 
Not  uncommon.     Teeth. 

20.  Harpacodus,  sp.  ? 
Teeth. 

21.  Ctbnoptychius  apicalis,  AgRSS. 
Teeth. 

GANOIDS. 

22.  Meoalichthtb  Hibbebti,  Agass. 

The  remains  of  this  fish  are  abundant.  The  scales  are  usually 
found  detached ;  occasionally  masses  are  discovered  connected ;  teeth, 
vertebrae,  and  head-bones  are  common.  The  fish  varied  much  in 
size.  One  large  specimen  measures  2  feet  6  inches  in  length  with- 
out the  head  and  tip  of  the  tail,  which  are  unfortunately  wanting. 

23.  Holoptychttts  sauroides,  Agassiz. 

24.  Strepsodu8  sauroides,  Huxley. 

Scales  of  the  former  and  teeth  of  the  latter  are  found  in  tolerable 
abundance,  nearly  always  detached.  One  or  two  large  teeth,  pro- 
bably belonging  to  Strepsodus,  are  anchylosed  to  the  bone  of  the  jaw. 

25.  Acrolepis,  sp.  ? 

Bare.     Very  beautifully  preserved  scales  and  broken  head-plates. 

26.  Platysomus,  sp.  ? 

Bare.     A  mass  of  scales  is  the  only  example  I  have  seen. 

27.  Acajhtoodopsis  Eoertoni,  Hanc.  &  Atthey. 
Part  of  a  jaw  with  teeth. 

28.  Amphicentrum,  sp.  ? 

A  tooth  and  a  spine  attached  to  dorsal  fin  ? 

29.  Rhizodopsis,  sp.  ? 
Very  rare. 

30.  Cycloptychius,  sp.  ? 
Rare.     Part  of  a  jaw. 

31.  Gtrolepis  Rankinh,  Agass. 

One  of  the  few  examples  from  this  bed  of  a  fish  being  found 
with  tne  fins  and  scales  in  situ.  It  is  5  inches  long,  and  exhibits 
part  of  the  head,  two  dorsal  fins,  and  a  mass  of  small  scales. 
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32.  Pal^onisctts. 

I  have  found  no  good  specimen  of  this  usually  abundant  genus  ; 
occasionally  detached  scales  and  teeth  are  found  which  exhibit  its 
peculiarities. 

33.  Gelacantjitts  leptttbus,  Agass. 

The  remains  of  this  species  are  fairly  numerous,  and  indicate  a 
fish  from  12  to  15  inches  in  length  ;  and  as  the  specimens  figured  by 
Prof.  Huxley  in  dec.  xii.  of  the  'Memoirs  of  the  Geological  Survey* 
are  only  4  to  5  inches  long,  the  present  examples  may  be  regarded 
as  large.  All  my  specimens  are  disarticulated ;  as  single  bones  they 
are  very  perfect ;  and  many  of  the  external  ones  exhibit  most  beau- 
tifully the  sculpturing  peculiar  to  the  genus.  Of  the  bones  forming 
the  head  are  found  the  hyomandibular  and  palato-quadrate  jugular 
plates,  ramus  of  lower  jaw  with  teeth,  opercula  and  frontal  bones, 
bones  forming  the  pectoral  arch,  and  large  interspinous  bones  con- 
necting the  unossified  vertebrae  with  the  dorsal  fin-rays.  A  number 
of  bones  presenting  very  much  the  appearance  of  vertebrae,  but  of 
a  more  cruciform  shape,  were  doubtless  the  ossified  centres  from 
which  were  suspended  the  branchiostegal  rays ;  some  examples  show 
the  rays  in  situ.  Fragments  of  the  rays  exhibit  ossified  processes 
developed  along  the  two  flattened  edges  of  the  ray,  which  possibly 
served  to  support  the  gills.  The  ossified  walls  of  the  air-bladder  are 
occasionally  found ;  one  specimen  measures  6  inches  in  length  by  3 
in  breadth. 

34.  Ctenodus  elliptictts,  Hanc.  &  Atthey. 

Bare.     Two  or  three  teeth,  a  few  head-bones,  and  ribs. 

36.  Ctenodus  ttjbebcflattjs,  Hanc.  &  Atthey. 
Teeth. 

LABYRINTHODONTS. 

36.  Vertebrae  and  other  bones  of  Labyrinthodonts,  recognized  by  L. 
C.  Miall,  Esq.,  as  those  of  Loxomma,  have  been  found.  They  are 
rare. 

Discussion. 

Sir  Philip  Gbet  Egerton  remarked  upon  the  advantage  accruing 
to  geological  progress  by  the  activity  of  local  observers,  as  furnished 
by  the  detection  and  thorough  working-out  of  this  bone-bed,  which, 
being  only  half  an  inch  thick,  would  in  all  probability  have  entirely 
evaded  the  notice  of  geologists  not  resident  in  the  immediate  dis- 
trict. Local  observers  (he  did  not  mean  mere  collectors,  but  men 
who  knew  how  to  follow  out  a  course  of  investigation  indicated  by 
the  local  phenomena  noticed  by  them)  ought  in  every  way  to  be 
encouraged.  He  said  that  Onchtis,  as  now  restricted,  is  essentially 
an  Old-Red  type,  but  extends  up  into  the  Carboniferous  Limestone, 
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and  even  into  the  Coal-measures,  from  which  Agassiz  deaoribed  one 
species  under  the  name  of  0.  tubulatus.  This  will  in  all  probability 
prove  to  belong  to  Mr.  Davis's  new  genus  Hoplonchu$.  He  approved 
of  the  author's  proposed  union  of  the  two  supposed  species  of 
OyracanihuSy  and  agreed  with  him  in  his  determination  of  the 
Ctenacanths.  To  show  the  generality  and  wide  distribution  of  the 
characteristic  forms  of  this  formation,  he  mentioned  that  M.  De- 
walque  had  recently  furnished  him  with  examples  of  several  of  the 
species  from  Central  Russia. 

Mr.  Etukridob  remarked  that  the  relation  of  the  Bone-bed  to  the 
Better-bed  coal  gave  it  a  perfectly  definite  geological  horizon. 
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37.  On  some  Fossil  Reef-building  Corals  from  the  Tebtiabt 
Deposits  of  Tasmania.  By  Professor  P.  Martin  Dtjwcan,  M.B. 
Lond.,  F.R.S.,  &c,  President.    (Read  May  10, 1876.) 

[Plati  XXIL] 

A  description  of  a  very  remarkable  species  of  Dendrophytlia  from 
the  Tertiary  deposits  of  Table  Cape,  in  North  Tasmania,  was  read 
before  this  Society  on  June  9,  1875*;  and  shortly  afterwards  I 
received  a  parcel  of  other  kinds  of  corals  from  the  same  locality, 
accompanied  by  a  request  from  the  Royal  Society  of  Tasmania  that 
I  would  undertake  their  examination.  I  was  then  made  aware, 
from  an  abstract  of  a  paper  read  before  the  Royal  Society  of 
Tasmania,  that  all  these  corals  had  been  under  the  careful  hands  of 
the  Rev.  Julian  Woods,  to  whom  the  palaeontology  of  the  Australian 
province  is  so  much  indebted. 

The  Rev.  Mr.  Woods  gave  his  reasons  for  believing  the  Table- 
Cape  deposits  to  be  of  the  same  Lower  Cainozoic  age  as  that  which 
I  had  given  them,  and  supported  his  opinions  by  references  to  the 
similarity  and  identity  of  the  species  of  Echinodermata,  Mollusca, 
and  Corals  found  in  them  and  in  the  Lower  Cainozoic  deposits  of  the 
mainland.  As  my  inferences  were  derived  second-hand  from  Mr. 
Woods,  he  clearly  has  the  priority  of  having  decided  the  geological 
position  of  the  Table-Cape  beds.  He  stated  that,  after  a  comparison 
of  the  Tasmanian  and  Australian  specimens,  he  found  in  the  deposits 
of  both  countries  such  well-known  forms  as  Hcmipatagus  Forbesi, 
Woods  &  Dune,  CeUepora  gambierensis,  Pectuneulus  laticostatu$,  Cu- 
culfaa  concamerata,  Dentalium  Hicksii,  Trigonia  scmiundulata,  Cor- 
bxda  sulcata,  Cyprcea  eanmia,  Voluta  Hannafordii,  Vbluta  antisea- 
laris,  Conotrochus  M*  Coy  i,  and  a  large  Placotrochus  deltoideus.  This 
is  a  fauna  which  is  characteristic  of  the  Muddy-creek  series  in 
Hamilton,  Victoria,  and  partly  of  the  Mount-Gambier  limestone, 
deposits  which  are  low  down  in  the  Australian  Cainozoic  series  (Mio- 
cene of  some  geologists). 

In  noticing  one  of  the  corals  the  description  of  which  forms  part 
of  this  communication,  Mr.  Woods  considered  it  to  belong  to  the 
genus  Isastrcea,  explaining  that  it  was  new  to  science,  and  that  its 
presence  indicated  that  there  was  evidence  of  a  deeper  sea  and 
warmer  climate  than  now  existed  on  the  area. 

The  examination  of  the  coral  in  question  and  of  some  other  spe- 
cimens from  the  same  locality,  whilst  it  necessitates  the  rejeotion  of 
the  generic  nature  of  Mr.  Woods's  species  and  of  its  bathymetry, 
quite  confirms  his  opinion  regarding  the  former  climate  of  Tasmania. 

The  specimens  about  to  be  described  are  included  in  the  group  of 
compound  Astraeida,  called  the  Astrasaceee  by  Milne-Edwards  and 
Jules  Haime,  and  belong  to  the  genera  Heliastrcea  and  Thamnastraea. 

He&iastrcea,  a  large  genus,  culminated  during  the  Miocene,  and 

*  Quart.  Journ.  Oeol.  Soc.  rol.  xxx\  p.  673. 
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was,  and  is  at  the  present  day,  a  reef-building  and  not  a  deep-sea 
group.  Thamnastrcea,  so  common  in  the  Jurassic  ages,  was  then  a 
reef-builder  and  a  littoral  form,  and  after  a  great  number  of  species 
had  been  evolved,  it  became  rare  in  the  Nummulitic  period,  and 
died  out  in  the  subsequent  geological  age  in  the  Australian  region, 
haying  been  probably  destroyed  in  the  European  areas  by  the 
changes  which  ensued  upon  the  destruction  of  the  Eocene  reefs. 
List  of  species  from  Table  Cape,  Tasmania : — 

1.  Dendropbyllia  epitheoata,  nobis* 

2.  Heliastraea  tasmaniensis,  sp.  nor. 

3.  Thamnastraa  sera,  sp.  dot. 

Genus  Heliastbika. 

HeliastRjBa  tasmanjensis,  sp.  nov.     Plate  XXII.  figs.  1-3. 

The  corallum  is  incrusting,  and  the  coraliites  are  subcylindrical 
and  distant.  The  calices  project  but  slightly,  and  differ  much  in 
size ;  the  fossa  varies  in  depth,  being  in  some  instances  slight  and 
in  others  more  than  equal  to  the  diameter  of  the  calyx ;  and  the 
margin  is  thin.  The  septa  are  alternately  long  and  short,  are 
straight  and  thin,  and  are  marked  with  separate  granules  or  with 
linear  groups  of  them.  They  are  not  exsert,  and  are  only  slightly 
thicker  at  the  wall  than  elsewhere :  their  arrangement  is  irregular ; 
for  in  the  largest  coraliites  there  are  four  cycles  in  six  systems,  and 
a  few  members  of  the  fifth  cycle  in  one  or  two  also,  whilst  in  the 
majority  the  fourth  cycle  is  incomplete,  there  being  three  cycles  in 
six  systems,  and  in  one  or  two  members  of  the  fourth.  In  some 
calices  tho  quaternary  arrangement  of  the  septal  numbers  exists, 
there  being  only  four  primaries  and  four  cycles  in  four  systems. 
The  distinction  between  the  primary  and  secondary  septa  is  slight ; 
but  the  existence  of  a  very  small  septum  between  two  much  larger 
ones  is  very  decided.  The  large  septa  reach  far  inwards  and  are  entire. 
The  columella  is  very  small,  and  is  formed  of  trabecular  between  the 
septal  ends.  The  wall  is  thin,  and  in  some  instances  more  so  than 
are  the  larger  septa.  The  endotheca  is  largely  developed,  and  the 
dissepiments  are  thin,  long,  and  curved  downwards. 

Tho  costso  of  the  large  septa  are  well  developed ;  and  they  are 
either  long  and  wavy  over  the  coonenchyma,  or  are  short  and  re- 
stricted to  tho  corallite ;  those  of  the  small  septa  are  rudimentary, 
and  exist  either  as  faint  projecting  lines  or  as  spines ;  and  their  pre- 
sence between  the  more  prominent  ones  is  very  marked ;  they  are 
all  thin  and  delicate.  The  exotheca  is  greatly  developed  and  is 
largely  cellular,  the  direction  of  the  upper  parts  of  the  cells  being 
nearly  horizontal ;  but  all  parts  of  it,  including  the  vertical  partitions,, 
are  thin. 

Tho  diameter  of  the  calices  is  under  |  inch,  and  their  distance 
apart  is  rather  more  or  slightly  less. 

Tho  species  is  remarkable  for  the  tenuity  of  the  whole  of  the  struc- 

*  Quart.  Journ.  Geol.  Soc.  toI.  xxxi.  p.  677. 
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tares  of  the  corallum,  the  great  development  of  the  exotheca,  the 
long  filiform  continuations  of  the  greater  cost©  which  connect  the 
corallite8,  and  their  occasional  absence,  and  also  for  the  small 
columella  and  indefinite  septal  number.  The  presence  of  corallites 
with  the  quaternary  arrangement  is  very  suggestive. 

Alliances.  The  species  is  eminently  Solenastraean  in  its  aspect ; 
and  were  it  not  for  the  costal  development,  it  would  be  associated 
with  that  genus.  In  some  parts  of  the  corallum  the  distinction 
between  the  structures  and  peculiarities  of  the  genera  Heliastrcea 
and  SoUnastrcm  are  by  no  means  decided ;  but  in  others  the  long 
wavy  costae  mix  in  and  amongst  the  exotheca,  and  unite  with  those 
of  the  neighbouring  calices.  The  alliances  of  this  Heliastramn 
must  be  sought  amongst  those  with  long  cost®,  much  exotheca,  a  fair 
amount  of  endotheca,  and  a  small  columella.  Species  thus  distin- 
guished are  not  found  amongst  the  recent  reef-building  coral  faunas. 
The  nearest  allies  of  the  new  species  have  been  found  in  the  same 
strata  as  the  congeners  of  the  Australian  Placotrochi,  namely  in  the 
Miocene  of  the  West  Indies ;  but  in  estimating  the  value  of  this 
remote  connexion,  it  must  be  remembered  that  there  is  hardly  any 
paheontological  evidence  relating  to  the  Tertiary  reef-corals  of  the 
Pacific  area. 

The  species  differs  much  from  the  Heliastraa  I  described  from 
the  Tertiaries  of  Java*. 

Heliastrcea  immersa,  Reuss.  t,  from  the  older  Tertiaries  of  Monte 
Grumi,  near  Castelgomberto,  is  of  the  same  general  type  as  the  new 
form,  as  it  has  distant  corallites,  a  peculiar  septal  number,  long 
wavy  costae,  and  apparently  a  thin  wall  and  a  small  columella. 

The  new  species,  when  compared  with  the  Heliastraeans  of  the 
Ootatoor  group  of  the  Cretaceous  formation  of  Southern  India,  pre- 
sents remarkable  affinities  with  Heliastrcea  cortica,  Stol.  J ;  for  this 
interesting  Indian  reef-coral  has  all  the  characters  of  the  Tas- 
manian  form,  but  differs  in  possessing  thick  costae,  those  of  the 
small  intermediate  septa  being  large.  Even  the  other  species  from 
these  Indian  rocks  (Heliastrcea  rotunda,  Stol.)  is  not  without  its 
resemblance  to  the  Tasmanian  species. 

Thamxastksa  8eba,  sp.  nov.     Plate  XXII.  figs.  4-6. 

The  corallum  is  solid  and  short,  being  about  ^  inch  in  height ; 
and  the  base  is  incrusting ;  the  upper  surface  is  subplane ;  and  the 
corallites  are  distant  and  widely  apart.  The  calices  are  slightly 
depressed  below  the  level  of  the  long  and  numerous  cost© ;  their 
fossula  is  small  and  shallow  ;  and  the  columella  is  papillary,  being 
formed  by  oblique  and  rounded  processes  from  the  free  ends  of  the 
septa.  The  septa  are  continuous  with  the  cost©,  and  are  at  the  mar- 
gin of  the  fossula  about  twenty-six  in  number ;  they  are  subequal, 

*  Quart.  Journ.  Geol.  Soc.  vol.  xx.  1864,  p.  72. 

t  Beusa.  Pal  Stud,  iiber  die  alt.  Tertiar.  der  Alpen,  1868,  1.  Abtheil. 
p.  30. 

X  Stoliezka,  Palicontol.  Indioa,  vol.  14,  4  ser.  pi.  viii.  f.  4-8 ;  The  Corals  or  An- 
thozoa,  Mem.  Geol  Survey  of  India,  1873. 
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and  their  upper  edge,  finely  dentate,  dips  down  very  slightly  towards 
the  columella.  Some  septa  are  continued  on  to  long  and  wavy 
costaa,  which  become  thickened  halfway  between  the  calicos ;  and 
others  soon  unite  to  two  or  even  more  cost©,  or  simply  bifurcate  in 
their  path  towards  the  nearest  corallites.  Occasionally  there  are 
three  cost©  united  to  one  septum.  The  cost©  are  long,  slightly 
wavy,  slightly  exsert,  narrow,  except  midway,  and  are  dentate  at 
their  free  edge.  The  small  spiny  dentations,  when  removed,  leave  open 
pits  on  the  surface  of  the  cost©,  which  give  them  a  very  characteristic 
appearance.  The  cost©  are  also  finely  and  distinctly  granular  late- 
rally ;  but  the  tips  of  the  grains  do  not  meet.  There  are  eighty  cost© 
in  connexion  with  the  calicular  septa  in  the  largest  corallite. 

The  sides  of  the  septa  are  marked  with  closely  packed,  large,  but 
flat  granules,  as  are  those  of  the  cost©  (as  seen  in  sections)  ;  and  the 
endotheca  is  largely  developed,  being  close,  and  curved  both  upwards 
and  downwards.  It  reaches  to  the  oolumellary  space,  across  it,  and 
high  up  in  it. 

The  wall  appears  to  be  rudimentary;  and  the  cost©  are  united  by 
exotheca  and  by  a  growth  from  their  sides.  Synapticul©  barely 
exist ;  for  it  is  very  rare  to  find  a  few  of  the  lateral  granules  of  the 
cost©  and  septa  attached  by  their  ends. 

Diameter  of  largest  calice  ^  inch. 

Alliances,  This  is  a  well-marked  species,  and  has  large  calicos, 
long  dentate  cost©,  and  largely  developed  endotheca  and  exotheca, 
the  synaptioular  element  being  very  small.  It  is  the  only  form  of 
the  genus  which  has  hitherto  been  discovered  in  deposits  later  in 
age  than  the  Nummulitic ;  and  it  does  not  closely  resemble  those 
from  that  series*.  Very  Jurassic  in  its  appearance,  the  coral  would 
almost  pass  for  ThamnastrcBa  Walcotti,  nobis  t,  from  the  Inferior 
Oolite  of  England ;  and  it  has  no  alliance,  except  that  of  a  generic 
nature,  with  the  species  from  the  Indian  Cretaceous  rockB. 

Thamkastbaa,  species. 

A  much-worn  specimen  of  a  Thamnastr©an,  greatly  resenbHng 
and  probably  identical  with  the  last-described  species,  was  cut,  and 
microscopical  sections  were  made.    One  section  passed  through 
several  corallites  at  a  slight  distance  from  the  surface ;  and  another 
was  taken  in  a  longitudinal  direction  and  parallel  with  the  septa. 
A  wall  separating  the  corallites  is  not  to  be  found,  and  the  cost© 
are  continuous  with  the  septa  of  different  calices,  the  laminae  being 
Bound  together  by  their  sides.     The  septa  and  dissepiments,  es- 
pecially the  former,  are  marked  by  opaque  and  either  rounded  or 
mow  or  less  elongate  spots,  which  apparently  coincide  with  the 
which  constitute  the  beauty  of  the  ornamentation  of 
hese  granules  are  very  numerous  and  evidently  are 
rtance  than  simple  ornaments;  for  the  microscope 
io  be  centres  of  sclerenchymatous  spicular  growth, 
ably  ill-developed  synapticul©. 

ult  D'Achiardi,  Gondii  Eocenici  del  Friuli,  1875. 
Boc.  Supplement  to  Brit.  Fom.  Corals,  Oolitic  part. 
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The  sclerenchyma,  as  a  whole,  may  be  said  to  consist  of  spicules 
radiating  from  centres  in  more  or  less  linear  series ;  and  each  spicule 
is  joined  laterally  and  before  and  behind  to  its  fellows.  The  whole 
coral  is  infested  with  the  tube-like  penetrations  and  ramifications  of 
a  parasitic  unicellular  Alga ;  and  this  has  been  described  in  a  former 
communication  (see  Quart.  Journ.  Geol.  Soc.  vol.  xxxii.  p.  205). 

Remarks  on  the  Species. 

The  Heliastraean  just  described  was  evidently  a  rapid  grower,  and 
a  true  reef-building  form,  having  its  bathymetrical  distribution 
restricted  to  20  fathoms ;  and  the  Thamnastraan  (so  solid,  yet  so 
abundantly  supplied  with  enddthecal  structures)  appears  to  have 
had  a  corresponding  habitat.  They  required  the  external  conditions 
peculiar  to  coral-reefs. 

In  considering  how  these  physical  conditions  could  be  found  on 
the  area  from  which  their  absence  is  now  so  conspicuous,  the  general 
physical  geography  of  the  Australian  seas  during  the  Cainozoio 
periods  must  be  considered.  This  was  attempted  to  be  ex- 
plained in  1870  (Quart.  Journ.  Geol.  Soc.  vol.  xxvi.  p.  284),  by  the 
author  of  this  communication;  and  the  relation  of  the  past 
and  existing  ooral-faunas  of  Southern  Australia,  and  the  former 
distribution  of  land  and  sea,  were  noticed  in  the  concluding  parts  of 
his  essay  on  the  fossil  corals  of  the  Australian  Tertiary  deposits. 
As  there  is  no  reason  for  altering  the  opinions  therein  expressed, 
reference  must  be  made  to  that  communication ;  and  the  bearings  of 
the  suggestions  therein  contained  will  be  found  to  be  explanatory 
of  the  existence  of  reefs  in  Tasmania.  The  open  sea  of  the  vast  area 
to  the  west  of  Cape  Howe,  running  up  into  the  tropics,  would  place 
the  old  hills  of  Tasmania  and  those  of  Eastern  Australia  in  the  midst 
of  an  ocean,  even  if  the  Australian  land  were  prolonged  away  to  the 
north-east,  as  it  probably  was  in  those  days.  But  even  admitting 
that  probable  insular  distribution  of  land  in  the  South  Pacific  during 
the  Miocene  epoch  which  has  been  so  frequently  suggested  by 
zoologists,  botanists,  and  geologists,  the  met  of  the  sea-temperature 
being  sufficient  for  the  development  of  reefs  in  Tasmania  is  insuffi- 
ciently explained. 

There  is  a  mint  relic  of  the  old  reef-fauna  still  lingering  on  the 
Tasmanian  shores  in  the  form  of  EcJtinopora  rosuiaria,  Linn.  It 
forms  thin  incrusting  layers,  and  not  masses  of  limestone ;  but  it  is 
clearly  a  relic  of  that  reef-building  coral-fauna  which  has  long  since 
died  off  from  the  area.  Even  the  hardiest  of  the  Pacific  corals,  the 
stronger  forms  of  Pontes,  are  absent.  In  fact,  the  only  surface- 
water  coral  lingers  on  in  a  temperature  in  which  Pontes  could 
neither  exist  nor  propagate. 

Evidently  the  reefe  around  Tasmania,  now  long  extinct,  existed 
amidst  all  the  physical  conditions  peculiar  to  coral-growth  on  a 
large  scale.  Pure  sea-water  in  rapid  movement  and  having  a 
temperature  of  not  less  than  74°  Fahrenheit,  was  as  necessary  to 
them  as  it  is  to  those  far  away  to  the  north  and  north-east  at 
the  present  day. 
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The  coral-isotherm  would  have  to  be  16°  of  latitude  south  of  its 
present  position  in  order  that  reefs  should  flourish  south  of  Cape 
Howe  ;  and  this  could  only  be  produced  by  a  different  distribution  of 
land  and  sea,  and  by  a  different  position  of  the  polar  axis  to  that 
which  now  prevails. 

A  south-polar  continent  reaching,  in  the  Miocene  age,  northwards 
to  50°  8.  lat.,  would  meet  the  requirement  of  a  land  reflecting  the 
equatorial  currents  and  tides  and  adding  in  no  way  any  great 
amount  of  cold  water  ;  and  large  islands  off  its  coast  extending  to  the 
American  and  African  coast  would  satisfy  most  of  the  biological 
requirements  of  the  period.  To  the  north  and  north-east  there 
existed  then  the  land  whose  memorials  are  the  atolls  and  fringing 
reefs  of  the  great  Pacifie.  On  the  other  hand  there  was  the  open 
sea,  already  noticed,  of  Central  Australia,  and  to  the  north  the 
great  volcanic  islands  were  sea-floors  on  which  Miocene  detritus  was 
accumulating.     '  Lemuria  '  may  be  assumed  to  have  existed. 

Vast  surfaces  of  South  and  Central  America,  and  some  of  North 
America,  were  sea-floors ;  and  the  ocean  and  coral-tracts  prevailed 
over  a  great  space  in  Europe  and  Western  Asia.  Much  of  North 
Africa  was  still  submerged.  On  the  other  hand  there  was  probably  an 
Atlantis,  and  a  huge  continent  existed  in  the  north  of  Central  Asia, 
N.  America,  and  N.  and  Central  Europe.  In  those  days  and  before, 
even  during  the  Nummulitic  period,  the  coral-isotherm  of  74°  F. 
reached  fully  25°  N.  of  its  present  possible  position  in  the  portion  of 
the  globe  antipodean  to  Tasmania ;  and  the  winter's  cold  could  not 
have  been  sufficient  to  chill  the  surface-water  in  the  latitude  of 
Vienna  and  N.  Italy.  The  question  arises, — Could  the  temperature 
of  this  broad  belt  of  warm  water  be  maintained  by  geographical 
causes  alone  ?  and  a  second  question  requires  a  satisfactory  solution, 
bearing  as  it  does  on  the  question  of  alternations  of  season  and  of 
light  and  darkness, — Could  such  geographical  causes  as  the  distri- 
bution of  the  land  in  polar  masses  and  in  central  islands  overcome, 
in  high  latitudes,  the  effects  of  the  position  of  the  globe  in  relation 
to  the  sun  in  perihelion  and  aphelion?  It  appears  to  me  that  they 
might  to  a  certain  extent  modify  the  severity  of  climate,  but  not 
sufficiently  to  permit  of  important  reefs  existing  in  Western,  Central, 
and  Southern  Europe,  and  in  Tasmania  synchronously.  That  the 
reefs  were  contemporaneous,  there  is  every  reason  to  believe. 

An  examination  of  the  flora  which  underlies  the  marine  Cainozoic 
deposits  of  the  mainland  of  Victoria  has  shown  that  the  plants  founi 
there  resemble  those  of  Tropical  rather  than  of  Extra-tropical  Aus- 
tralia ;  and  as  will  be  noticed  in  a  communication  about  to  be  pre- 
sented to  the  Society,  the  Echinodermata  of  the  succeeding  strata 
afford  the  same  kind  of  evidence. 

The  proofs  of  the  existence  of  higher  temperatures,  and  of  the 
absence  of  the  long  and  dark  months  in  the  Arctic  regions,  are 
abundant  from  the  age  of  the  Carboniferous  formation  to  the  Mio- 
cene. During  all  the  ages  of  the  globe  down  to  that  period  when 
such  vast  alterations  in  the  relative  level  of  land  and  sea  occurred, 
there  is  found  evidence  in  favour  of  the  theory  that  perpetual  frost 
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and  snow  and  months  of  darkness  did  not  exist  in  the  Arctic  regions. 
Contemporaneously  a  corresponding  genial  climate  existed  in  the 
southern  hemisphere.  It  is  perfectly  certain  that,  under  the  existing 
astronomical  arrangements,  there  must  be  prolonged  day  and  pro- 
longed night  at  the  poles  and  for  a  certain  number  of  degrees  in  the 
equatorial  direction ;  and  the  inclination  of  the  polar  axis  to  the 
plane  of  the  ecliptic  necessitates  the  perpetuation  of  the  present  arctic 
and  antarctic  climates.  The  astronomical  conditions  under  which 
a  sufficient  amount  of  light  could  be  given  to  the  plants  within  twenty 
degrees  of  the  pole  are  not  those  which  now  prevail ;  but  were  the  polar 
axis  at  right  angles  to  the  plane  of  the  ecliptic,  and  were  there  no 
greater  node  than  at  present,  there  would  be  equal  day  and  equal 
night.  The  biologist  claims  this  as  the  earliest  position  of  the  globe. 
The  arguments  against  such  an  inference  relate,  of  course,  to  the 
nature  of  the  forces  which  could  bring  down  the  north  pole,  or  rather 
which  would  incline  the  polar  axis,  and  to  the  amount  of  solar  heat 
which  would  reach  the  polar  regions.  Probably  no  force  acting  on 
the  globe  as  a  mass,  such  as  gravitational  energy,  could  alter  the 
position  of  the  poles  as  they  are  now,  with  reference  to  the  ecliptic ; 
for  after  a  very  slight  inclination  had  been  produced,  the  force 
would  produce  no  more  obliquity,  but  only  a  more  or  less  rapid  pre- 
cessional  movement. 

Nor  is  it  possible  to  understand  how  any  external  force  could  cause 
the  approach  of  one  pole  to  the  sun  and  the  recession  of  the  other, 
the  globe  being  comparatively  homogeneous,  for  the  sake  of  argu- 
ment, and  the  polar  axis  being  supposed  to  be  at  right  angles  to  the 
plane  of  the  ecliptic. 

But  it  would  be  possible  if  a  vast  alteration  in  the  relative  distri- 
bution of  land  and  sea  occurred,  in  one  hemisphere  especially.  It 
is  perfectly  reasonable  to  infer  that  the  great  subsidences  of  the 
Miocene  lands,  and  the  formation  of  the  Southern  Ocean,  whose 
area  is  greater  than  that  of  all  the  land  to  the  north,  and  the  vast 
upheaval  of  the  Central- Asian,  Caucasian,  and  Alpine  and  other 
areas,  producing  great  alterations  in  the  homogeneous  condition, 
brought  the  land-surfaces  of  the  north  with  their  higher  specific  gra- 
vity and  great  mass  within  the  influence  of  the  gravitational  energy 
of  the  sun.  From  that  time  dated  the  long  winter's  night  and  the 
presence  of  perpetual  ice  and  frost  in  the  highest  latitudes ;  and 
those  changes  in  the  climatal  conditions  of  the  northern  and  southern 
areas,  where  reef-corals  had  built  and  the  light-requiring  floras  had 
flourished.  The  objection  regarding  the  small  amount  of  heat 
which  would  be  granted  to  the  high  latitudes  under  the  conditions  of 
a  vertical  polar  axis  are  of  the  nature  of  those  whioh  sadly  troubled 
our  science  with  respect  to  the  impossibility  of  animals  living  at 
very  great  depths  in  the  sea  in  consequence  of  the  pressure  to 
which  they  would  have  to  submit,  and  to  the  warm  temperatures 
which  must  prevail  in  the  oceanic  abyss. 

The  presence  of  land  in  the  extreme  north  or  south  on  which  no 
perpetual  ice  rested  except  on  the  high  hills,  would  introduce  an  ele- 
ment into  the  argument  which  would  suffice  .to  demonstrate  a  tern* 
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perate  zone.  Oblique  as  would  be  the  path  of  many  solar  rays,  itfll 
the  corresponding  loss  of  temperature  would  be  compensated  for  by 
the  warming  of  the  atmosphere  by  the  radiation  from  the  masses 
of  the  land-surfaces  to  the  north  and  south.  It  is,  moreover,  reason- 
able, according  to  the  principles  of  thermodynamics,  to  assert  that 
the  sun  was  then  producing  more  heat,  and  that  the  internal  tem- 
perature of  the  globe  was  greater  than  now ;  and  this  may  have  had 
some  slight  influence. 

In  bringing  these  theories  before  you,  which  have  been  in  the 
minds  of  so  many  geologists,  and  which  have  been  brought  forward 
by  succeeding  generations  of  us,  Belt  and  Woodward  being  their 
last  supporters,  my  excuse  must  be  that  possibly  they  may  be  im- 
proved upon  by  those  physicists  who  will  admit  the  necessity  of 
comprehending  biology  in  their  dynamical  and  kinetic  arguments, 
— or  that  in  the  true  interests  of  science  they  may  be  disproved,  so 
that  we  may  seek  explanations  of  the  facts  brought  forward  in  this 
and  other  cognate  essays  in  other  directions. 

Note. — This  communication  was  forwarded  to  the  Society  before 
my  predecessor  in  the  Presidential  office  read  his  admirable  Address. 
I  now  refer  the  reader  to  his  remarks  on  those  questions  of  astro- 
nomical interest  which  I  have  introduced  in  this  paper.  (See 
Anniversary  Address  of  the  President,  John  Evans,  Esq.,  F.R.S., 
Quart.  Journ.  Geol.  Soc.  vol.  xxxii.  Proc.  p.  101  et  seq.) 


EXPLANATION  OF  PLATE  XXIL 

Fig.  1.  Corailum  of  Hdiastraa  tasmaniensis,  ep.  nor. 
2.  Calioe,  magnified  3  diameters. 
8.  Coats  and  exotheca,  X  3. 
4.  Calices  of  Thamnastraa  sera,  sp.  nov. 
6.  Longitudinal  section  of  corailum. 
6.  Details  of  septa,  X  3. 

Discussion  *. 

Mr.  Evans  was  glad  to  find  that  this  subject,  concerning  which  he 
had  lately  expressed  his  own  views,  had  been  taken  up  by  the 
author;  but  he  thought  it  possible  that  Dr.  Duncan  would,  on 
further  consideration,  be  inclined  to  modify  somewhat  the  theory 
promulgated  in  this  paper  in  favour  of  some  other  view.  In  order 
to  account  for  the  occurrence  of  reef-building  corals  of  Miocene 
age  in  latitudes  now  too  cold  for  them,  the  author  had  reverted  to 
the  old^idea  of  the  vertical  position  of  the  poles.  If  the  interior  of 
the  earth  is  fluid,  a  sliding  crust  such  as  the  speaker  had  formerly 
suggested  is  possible,  though  it  would  be  difficult  to  prove  the  ex- 
istence of  a  fluid  interior,  and  still  more  difficult,  did  that  exist,  to 
prove  that  the  crust  would  slide  on  it.  But  even  supposing  the 
earth  to  be  a  nearly  solid  body,  elevations  and  depressions  enough 

*  This  discussion  relates  also  to  Prof.  Duncan's  paper  "  On  the  Echinoder- 
mata  of  the  Australian  Cninozoic  Deposits." 


Digitized  by  VjOOQ IC 


FROM  THE  TEBTIARY  DEPOSITS  OF  TASMANIA.  349 

must  take  place  on  the  surface  to  alter  the  relative  positions  of  the 
poles  with  regard  to  the  surface  of  the  earth.  Because  there  were 
proofs  of  warmer  climate  haying  existed  in  Miocene  times  in  Green- 
land, near  the  one  pole,  and  in  New  Zealand  near  the  other,  there 
was  no  need  to  suppose  that  belts  of  warmer  temperature  had  ex- 
tended nearer  the  poles  than  at  present,  for  the  same  sliding  of  the 
crust  that  brought  Greenland  nearer  the  equator  would  also  bring 
New  Zealand  nearer  the  tropics,  both  being  on  nearly  the  same 
meridian,  but  on  opposite  sides  of  the  globe.  The  subject  was  one 
that  deserved  the  attention  of  geologists,  as  it  lay  at  the  root  of 
many  important  questions  affecting  the  past  history  of  the  earth. 

Professor  Hughes  believed  implicitly  what  the  astronomers  told 
him  must  be ;  and  if  observations  on  the  distribution  of  life  neces- 
sitated any  thing  more  than  such  alterations  of  climate  as  could  be 
accounted  for  by  geographical  changes  and  modification  and  adapta- 
bility in  the  forms  of  lile,  he  would  prefer  to  leave  it  as  one  of  the 
many  things  he  could  not  explain,  than  accept  an  explanation  in- 
consistent with  accepted  astronomical  theories.  If,  as  explained  by 
Sir  John  Herschel,  the  transference  of  large  masses  from  one  part  of 
the  earth's  surface  to  another  would  disturb  the  equilibrium,  we 
must  remember  that  this  action  would  be  mostly  compensative ;  and 
if  the  cumulative  effect  of  many  such  disturbances  might  be  a  partial 
readjustment  of  the  mass,  we  must  regard  such  movements  only  as 
a  tendency  to  keep  the  whole  mass  and  its  axis  of  rotation  as  it  was 
in  spite  of  the  transference  of  portions  from  one  place  to  another 
by  denudation.  Moreover  he  disputed  the  data  on  which  the  views 
advocated  by  both  the  present  and  the  late  President  were  founded. 
He  asked  whether  we  should  say  that  the  climate  of  the  period  of 
our  older  river-gravels  was  that  of  Egypt  or  of  Northern  Siberia, 
seeing  that  the  Corbicula  fluminalis  and  Unto  littoralis  were  now 
found  only  much  further  south  ;  while  the  hairy  elephant  and  rein- 
deer, which  had  once  lived  with  them,  were  now  held  to  prove  an 
arctic  climate.  When  we  know  that  flowering  plants  and  ever- 
greens now  live  in  Alpine  regions,  where  they  are  buried  in  total 
darkness  under  snow  for  four  months,  shall  we  say  that  the  absence 
of  light  would  render  it  impossible  for  evergreens  and  flowers  to 
have  flourished  where  the  arctic  winter-night  is  four  months  long, 
even  though  we  could  account  for  a  milder  climate  by  geographical 
changes. 

Mr.  Woodward  remarked  that  as  it  was  not  merely  a  question  of 
one  fauna  and  flora,  Mr.  Hughes's  statements  must  be  received  with 
caution.  There  were  evidences  in  northern  latitudes,  not  only  of  a 
Miocene,  but  also  of  a  Carboniferous,  a  Jurassic,  and  a  Cretaceous  flora. 
Nor  was  it  a  question  merely  of  lowly  organized  plants  which  would 
be  more  likely  to  withstand  the  climate ;  for  Prof.  Nordenskiold  had 
found  tree-trunks  standing  erect  in  the  soil  in  which  they  grew,  and 
it  was  impossible  for  them  to  have  grown  in  a  climate  so  rigorous  as 
now  exists  at  that  latitude.  If  the  geologists  are  wrong  in  the  con- 
clusions they  have  drawn  from  these  facts,  let  the  astronomers  show 
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them  how  to  account  for  the  occurrence  of  fossils  indicative  of  such 
a  warm  climate  in  such  high  northern  latitudes ;  for  the  absence  of 
cold  must  he  accounted  for  to  explain  the  growth  of  these  trees  in 
that  spot. 

Prof.  Ahsted  maintained  that  the  geologists  had  certain  natural- 
history  facts  on  their  side  with  regard  to  the  occurrence  of  fossils 
near  the  poles ;  it  remained,  therefore,  for  the  astronomers  and 
physicists  to  find  a  new  theory  to  account  for  these  facts. 

rrof.  Green  thought  that  the  astronomers  should  he  asked  if  the 
change  of  axis  was  a  possible  explanation,  and  to  calculate  what 
would  be  the  result  of  a  change  in  the  distribution  of  land  and  sea, 
and  how  would  such  a  change  affect  the  position  of  the  poles.  The 
question  was  one  of  mechanics. 

Mr.  Sorby  considered  that  the  amount  of  heat  and  light  received 
from  the  sun  should  also  be  taken  into  account,  and  the  fact  that 
this  may  have  varied  at  different  periods. 

Sir  Antonio  Brady  stated  that  there  were  many  facts  which 
tended  to  prove  that  the  sun  had  varied  in  heat  &c. ;  but  the  sun 
had  probably  little  to  do  with  the  warmer  climate  of  the  poles  in 
past  ages.  The  heat  of  the  earth  in  its  various  stages  of  cooling 
would  be  sufficient  to  account  for  these  changes  of  climate  on  the 
surface  of  the  globe. 

Prof.  Ramsay  could  not  agree  with  the  last  speaker  in  thinking 
that  radiation  in  cooling  would  produce  any  palpable  effect  on  the 
surface  of  the  globe.  So  far  from  there  being  any  proof  that  the 
climate  had  been  gradually  growing  colder  from  the  earliest  times 
down  to  the  present  date,  there  was  every  evidence  to  show  that 
glacial  periods  had  recurred  at  different  periods  in  past  time.  Dr. 
Duncan  and  Mr.  Evans  had  merely  given  suggestions,  but  had  not 
attempted  to  solve  the  problem.  The  poles  probably  occupied  the 
same  position  in  Miocene  times  that  they  do  to-day.  Darwin  and 
Dana  were  both  agreed  in  thinking  the  present  continents  to  be  of 
extreme  antiquity.  Great  elevations  of  land  had  taken  place  prior 
to  the  Miocene  epoch.  The  Alps  and  the  Himalayas  were  both 
pre-Miocene,  and  were  probably  higher  in  pre-Miocene  times  than 
at  present,  having  been  subjected  to  great  denudation. 

Mr.  Gwyn  Jeffreys  pointed  out  that  certain  species  of  shallow- 
water  mollusca  now  found  in  the  Arctic  Ocean  had  formerly  in 
post-Tertiary  times  lived  as  far  south  as  Sicily. 

Dr.  Wright  remarked  that  there  was  a  wonderful  similarity  be- 
tween the  Miocene  echinoderms  from  Australia  and  those  found  at 

considered  the  abundance  of  echinoderms  belonging 
►id  group  in  these  Australian  beds  to  be  very  inter- 
lature  presents  itself  in  the  New-Zealand  Tertiaries, 
ied  to  Arachnoides  occur.     The  distribution  of  these 

New  Zealand  was  excessively  complex  and  difficult 

There  was  a  remarkable  similarity  between  the 

)f  Greenland  and  Central  Europe ;  and  the  question 

i,  Did  they  spread  over  a  continent  formerly  existing 
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between  these  points,  or  had  they  emigrated  from  some  one  central 
spot? 

Dr.  Ditkcan,  in  reply,  stated  that  it  was  only  by  the  united  inves- 
tigatioDs  of  all  students  of  geology  that  the  question  could  be  in 
any  way  settled.  Hie  belief  in  the  recurrence  of  glacial  epochs  was 
founded  on  some  erroneous  conclusions  drawn  from  beds  in  England, 
South  Africa,  and  in  India,  which  were  related  to  local  glacier  action 
or  to  volcanic  agglomerates.  The  Miocene  plants  could  not  have 
existed  without  sufficient  light;  and  severe  frost  would  have  destroyed 
them ;  and  therefore  they  could  not  have  extended  so  far  north  under 
conditions  similar  to  the  present.  The  Echinoderms  did  certainly 
present  a  striking  resemblance  to  those  found  in  the  Miocene  beds 
of  Malta ;  but  there  were  still  sufficient  specific  and  generic  differ- 
ences to  justify  him  in  describing  them  as  distinct. 
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38.  Evtdekces  of  Thebiodonts  in  Permian  Deposits  elsewhere  than  in 
South  Africa.  By  Prof.  Owen,  C.B.,  FJLS.,  F.G.8.  (Bead 
May  24,  1876.) 

A  few  days  ago  Mr.  W.  Davies  brought  to  my  notice  the  cast  of  a 
fossil  which  had  been  purchased  by  the  British  Museum  in  1865  of 
Krantz,  the  dealer,  with  the  label  *' Eurosaurus  uralensis,  H.  v. 
Meyer,  Brithopus  prison,  Kutorga.  Permischer  Sandstein  von 
Perm." 

The  subject  of  this  cast  is  that  of  Kutorga's  plate  L,  and  is,  as 
he  truly  describes  it,  the  lower  end  of  a  humerus,  with  the  perfora- 
tion or  canal  above  the  inner  condyle,  on  which  character  he  mainly 
rests  his  determination  of  the  fossil  as  evidence  of  an  extinct  mam- 
mal and  as  the  basis  of  his  genus  and  species  Brithopus  priscus  *. 

The  discovery  of  that  character  in  the  humerus  of  Cynodraco  t 
and  other  genera  of  South  African  reptilia,  led  to  the  rescue  of 
the  cast  in  question  from  the  obscurity  in  which  it  had  remained 
since  its  acquisition,  and  to  the  present  retrospect  of  the  circum- 
stances under  which  Kutorga's  contribution  to  Permian  palaeontology 
has  been  thrown  into  the  background,  and  his  supposed  mamma- 
lian genera  systematically  ignored. 

Kutorga,  accepting  the  evidences  summed  up,  in  1831  J,  of  the 
mammalian  'nature  of  Thylacotherium  and  Phascolotherium,  and 
the  proofs  of  the  Oolitic  age  of  their  matrix,  saw  no  geological 
objection  to  the  remains  of  that  class  being  discovered  in  the  Per- 
mian deposits. 

With  respect  to  the  most  conspicuous  test-character  of  the  fossil 
humerus  §,  he  truly  states  that  such  character  was  known  only  (in 
1838)  in  that  bone  of  certain  unguiculate  mammals ;  and  he  quotes 
the  instances  given  by  Cuvier  ||,  out  of  which  instances,  by  reason 
of  the  breadth  of  the  condylar  part  of  his  fossil,  and  the  high  posi- 
tion of  the  canal,  he  adopts  the  Edentate  genera  as  those  to  which 
his  Brithopus  was  most  nearly  allied,  and  proposes  to  place  his 
extinct  mammalian  genus  between  Bradypus  and  Dasypus  H". 

*  Beitrag  zur  Kenntniss  der  organischen  Ueberreste  dee  Kupfersandsteins 
am  weetlichen  Abhange  dee  Urals,  von  Dr.  Stephan  Kutorga,  Ac,  mit  vii 
Stemdrucktafeln  (8yo,  St.  Petersburg,  1838),  p.  9. 

t  Quart.  Journ.  GeoL  Soo.  vol  xxxii.  p.  95,  pL  xi.  flgs.  6-9. 

JBucUand,  Bridgewater  Treatise,  toI.  i.:  supplemented  by  papers  in  Pro- 
ceedings of  the  Geological  Society  of  London,  December,  1838,  vol.  iii.  p.  17 : 

t  i™8**1©™  of  the  Geological  Society,  2nd  Series,  vol.  vi.  j>.  68. 

JUas  sin  meijten  im  Auge  faUende  Kennzeichen  dieses  Knochens,ist  das 
ESSftJJ  •  d?m  %?™*ylu*  intern**'  stebende  Loch,  welches  sum  Burch- 
s^Jgo  aer  Arterta  ulnaris  diente."—  Op.  cit.  p.  10. 

I  Lecon.  d  Anat  Oomp.  ed.  1835,  vol.  i.  p.  384. 

feochen^ii^  0ben  °T^en  «&**  8idS »  dM8  <**»  ™«.  d«*»n  Oberarm- 
*u  «»w  ^^ZlSiT  £*T' lur  <«»«W  *"  Bdentaten  gehdrte,  und  «war 
*r  -£?E£^^  steUenden'jedoch  mehr  mit 
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For  the  generic  distinctness  of  Brithopus  he  specially  nrges  the 
presence  of  a  second  perforation  or  canal,  near  the  upper  part  or 
beginning  of  the  supinator  crest,  which  canal  he  calls  the  foramen 
condyloideum  externum,  and  conceives  that  it  may  have  served  for  the 
passage  of  the  arteria  radialis  *.  This  canal,  fcutorga  states,  had 
not  been  previously  observed  in  the  humerus  of  any  vertebrate  ani- 
mal ;  and  at  that  date  (1833)  the  statement  was  true. 

I  may  not  be  mistaken  in  supposing  that  the  reduced  copy  of 
Kutorga's  figure  of  the  above-defined  Permian  fossil  will  be  accepta- 
ble, to  which  I  have  added  (Cut,  fig.  1)  letters  indicative  of  the 

Fig.  2. 


Fig.l. 
Fig.  1.  Brithopus  prisons,  Eat.  Fig.  2.  Orthopus  primavus,  Kut. 

same  parts  as  in  figs.  6-11,  pi.  xi.,  Quart.  Journ.  Geol.  Soo.  vol. 
xxxii.  The  significance  of  the  foramen  marked  m  will  thus  be 
appreciated. 

Eutorga  finds  evidence  of  a  second  mammalian  genus  in  another 
fossil  from  the  same  locality  and  formation,  which  he  describes  and, 
fortunately,  figures  in  the  same  treatise  t.  Conceiving  this  fossil  to 
be  the  lower  portion  of  a  humerus,  with  also  the  characters  of  the 
foramen  condyloideum  internum,  he  indicates  differences  which  support 
his  conclusion  that  it  formed  part  of  a  distinct  mammalian  genua 
and  species,  for  which  he  proposes  the  name  Orthopus  primcevus. 

*  "  Die  Basis  dieses  Kammes  ist  schrage  yon  oben  naob  unten  mit  einem 
cylindrischen  Kanale  durchbohrt,  der  in  seinen  beiden  Enden  in  flaohorale 
Gruben  ubergeht,  und  eine  Arterie,  wahrscbeinlioh  die  arteria  radialis,  im 
oberen  Theile  ihres  Verlaofes  beherbergte." — lb.  p.  11. 

t  Op.  cit.  p.  15,  Taf.  ii. 
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Tins  fossil,  however,  is  the  upper  (proximal)  portion  of  a  reptilian 
humerus,  and  most  probably  of  the  same  species,  if  not  bone,  as 
that  on  which  the  genus  Brithopus  is  founded.  Figured  upside 
down,  as  in  Kutorga's  plate  ii.,  the  articular  head  of  the  humerus, 
(a,  b  in  Cut,  fig.  2)  is  made  the  "  trochlea ; "  the  entotuberosity 
(ib.  c)  becomes  the  "condylus  internus ;"  the  ectotuberosity  is  the 
"condylus  externus;"  the  delto-pectoral  plate  (ib.  6*,  6')  is  the 
"  supinator  ridge*  ("der  iiber  diesem  Condylus  stehende  kamm  "); 
while  the  groove  at  the  inner  part  of  the  fractured  shaft,  rightly 
referred  to  as  evidence  of  a  "  foramen  condyloideum  internum,"  is 
the  upper  (proximal)  commencement  of  that  canal,  which  is  shown 
in  its  entirety  and  with  its  lower  (distal)  outlet  in  what  I  hold  to 
be  the  distal  portion  (Eutorga's  pi.  i.)  of  the  humerus  of  the  same 
species  or  individual  (Cut,  fig.  1). 

The  humerus  of  Orthopus  being  reversed  in  position,  as  in  Cut, 
fig.  2,  and  being  juxtaposed  to  fig.  1  (Brithopus),  the  characters 
of  the  reptilian  humerus,  under  theriodontal  modifications,  come 
out  unequivocally ;  and  the  proportions  are.  nearer  those  of  the  per- 
forated humerus  of  Oalesaurus  and  Dicynodon  than  of  Cynodraco. 

The  proximal  articular  convexity,  or  head,  of  the  bone*  (Cut, 
fig.  2,  a)  is  a  narrow  semi-ellipse,  its  long  axis  transverse  to  that  of 
the  shaft,  its  curved  border  being  due  to  the  usual  production  of 
this  articular  surface  backward,  or  anconad,  in  Reptiles.  The  ento- 
tuberosity, c,  is  more  definitely  marked  than  in  Cynodraco.  The 
ectotuberosity,  6,  is  represented  by  the  angle  formed  by  the  out- 
standing of  the  delto-pectoral  crest  as  it  descends  from  the  axial  line 
of  the  head  of  the  humerus  to  b'.  The  outer  border  of  this  large 
and  characteristic  crest  forms  a  low  angle  about  halfway  down 
at  6+ ;  then  forms  a  second  (almost  right)  angle  at  b',  where  it 
returns  to  subside  on  the  shaft  of  the  humerus.  The  forward 
(thenal)  bend  of  the  crest  is  not  so  marked  as  in  Dicynodon ;  it 
does  not  exceed  that  shown  in  the  humerus  of  Cynochampsa  and 
Cynodraco.  The  shaft  of  the  humerus  between  the  delto-pectoral 
and  supinator  crests  is  as  short  and  as  contracted,  compared  with  the 
proximal  and  distal  expansions  of  the  bone,  as  in  Cynodraco  (loc. 
cit.  pL  xi.  figs.  6,  7).  The  reptilian  character  of  the  distal  portion 
of  the  Brithopus  bone  (Cut,  fig.  1)  is  shown  by  the  shallow  ill- 
defined  olecranal  depression,  by  the  absence  of  the  definite  trochlear 
character  of  the  distal  articulation  for  the  ulna,  and  by  the  presence 
of  the  ectocondylar  perforation,  m. 

There  is  thus  satisfactory  evidence  of  an  extinct  reptile  in  the 
Permian  deposits  of  the  Ural,  with  a  humerus  showing  the 
same  mammalian  entepicondylar  perforation  as  in  certain  extinct 
reptiles  of  the  Karoo  series  of  South  Africa,  and  with  other  modifi- 
cations in  which  it  more  nearly  resembles  the  Theriodont  species  of 
those  deposits. 

Brithopus  priscus,  Kutorga,  as  represented  by  the  plaster  cast, 
is  superseded  by  Eurosaurus  urahnsis,  H.  v.  Meyer ;  and  I  next 
proceed  to  give  the  results  of  investigation  of  the  ground  of  this 
supercession  and  synonymy  in  the  printed  label  of  the  dealer  KranU. 
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The  earliest  ascription  of  the  generic  term  Eurosaurus  to  Permian 
fossils  I  find  in  a  paper  by  Fischer  yon  Waldheim,  in  tome  xv. 
1842,  of  the  '  Bulletin  de  la  Societe  Imperiale  des  Naturalistes  de 
Moecou'*.  Fischer  there  states  that  he  has  several  portions  of 
bone  (not  named)  belonging  to  the  same  Saurian.  A  striking  cha- 
racter, he  remarks,  is  the  great  breadth  of  the  articular  head  com- 
pared with  the  insignificant  length  of  the  bone,  "  as  if,"  he  says, 
"  that  articular  end  ('  Gelenkkopf ')  of  the  bone  had  been  provided 
with  an  aliform  process;"  and  he  proposes  for  the  new  Saurian,  so 
indicated,  the  name  of  Eurosaurus.  No  other  characters  of  the 
genus  nor  any  figure  of  the  fossils  are  given.  We  recognize,  how- 
ever, in  this  curt  notice,  a  characteristic  of  the  proximal  portion  of 
the  humerus  of  Kutorga's  Orthopus. 

The  author  next  cites  a  "  remarkable  humerus  distinguished  by 
its  broad  processes  and  the  perforated  articular  surface  for  the 
reception  of  the  ulna,  from  the  same  locality  as  that  in  which  the 
mandible  of  the  reptile  called  Rhopalodon  was  found ;"  and  this 
humerus,  the  perforated  character  of  which  is  perhaps  more  accu- 
rately described  by  Kutorga  in  his  Brithopus,  Fischer  thinks  may 
belong  to  his  genus  Rhopalodon  f. 

It  is  significant,  and  probably  by  reason  of  the  insufficient  grounds 
assigned  by  Fischer  for  his  genus  Eurosaurus  of  1842,  that  Agassiz 
has  omitted  it  in  the  list  of  Reptilian  genera  in  his  '  Nomenclator 
Zoologicus,'  4to,  1842,  and  in  the  'Addenda/  1846.  He  gives 
amongst  the  mammalian  genera  Kutorga's  Brithopus  and  Orthopia, 
but  adds  "  Reptilia?  "  after  each  entry. 

Fischer's  Bhopalodon  Wangenheimii  was  founded  on  a  portion  of  a 
mandibular  ramus,  2\  inches  in  length,  containing  "  nine  molars 
with  short,  thick,  pointed,  subcompressed  crowns  having  two  tren- 
chant and  serrate  borders ;"  and,  further,  "  at  the  anterior  fractured 
part  of  the  fossil  was  the  implanted  base  of  a  large  canine."  A 
figure  of  the  fossil  is  given  by  Eichwald  in  the  '  Lethaea  Rossica/ 
1860,  pi.  lviii.  &g.  9.  So  far  as  the  characters  are  noted  they 
are  "  theriodont." 

In  1858  Hermann  von  Meyer  described  a  fossil  skull,  presented 
by  Major  von  Qualen  to  the  *  Mineralien  Kabinet '  at  Berlin,  as 
from  the  Permian  system  of  West  Ural,  probably  from  the  same 
locality  as  the  fossils  described  by  Fischer.  A  skull  from  this 
locality  had  previously  been  described  by  Eichwald  under  the  name 
of  Zygosaurus  lucius ;  but  v.  Meyer's  subject  is  referred  by  him, 
under  the  name  of  Melosaurus  uralensis,  to  the  section  of  the  Laby- 
rinthodonts  with  embryonal  vertebral  column  J.     The  specimen 

*  "  Zweiter  Nachtrag  zu  den  yon  Hrn.  Major  yon  Qualen  am  westlichen 
Abhange  des  Urals  gesamraelten  Versteinerungen/'  p.  463. 

t  "  Ein  merkwurdiger  Humerus,  ausgezeichnet  durch  seine  breiten  Fortsatze, 
und  die  durchbohrte  Gelenkflache  zur  Aufnahme  der  Ulna,  ist  in  derselben 
Gegend  gefunden  worden,  und  scheint  dim  Rhopalodon  anzugehoren." — lb. 
p.  464. 

J  "  Bei  diesen  Abweichungen  habe  ich  den  zweiten  Sohadel  aus  den  Ural  unter 
der  Benennung  Melosaurus  uralensis  zu  den  Labyrinthodonten  mit  embryonaler 
Wirbelsaule  ffestellt" — Neues  Jahrbuch  fur  Mineralooie,  jv.t  von  K.  C.  von 
Leonhard  una  H.  G.  Bronn,  Jahrgang  1858,  p.  301. 
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is  figured,  of  the  natural  size,  by  Eichwald  in  pL  lvii.  fig.  25,  op. 
cit.  In  the  text  of  this  work  the  genus  Melosaurus  of  von  Meyer, 
together  with  the  genera  Brithopus  and  Orthopia  of  Kutorga,  are 
made  synonyms  of  the  Eurosaurus  of  Fischer  * :  no  characters  of 
the  Permian  humeri  are  pointed  out  to  show  the  reptilian  nature  of 
Kutorga' s  fossils ;  but  Kutorga's  determination  of  their  homology  is 
called  in  question ;  they  are  affirmed  to  be  portions  of  the  eoraooid  bona 
of  Eurosaurus ;  and  the  perforations  in  the  bone  assigned  to  Britho- 
pus are  homologized  by  Eichwald  with  those  in  the  coracoid  of 
Ichthyosaurus  and  Hyheosaurus  f. 

The  three  folio  plates  of  Eichwald's  'Lethaea  Rossica '  are  devoted 
to  the  reptilian  fossils  of  the  Permian  deposits  in  the  Ural.  Long 
bones  and  portions  of  long  bones  are  figured,  as  of  Eurosaurus 
urethritis,  but  give  not  any  indication  of  correspondence  with  such 
bones  from  the  Karoo  beds. 

The  characters  described  and  figured  of  the  skull  of  the  Mclo- 
sauruSy  v.  M.,  are  Labyrinthodont.  The  strong  mandible  and  its 
canine-like  anterior  teeth  suggest  the  need  of  as  firm  a  junction  of 
the  head  to  the  trunk  as  in  the  Salamandrdides  of  Jaeger  J.  Whe- 
ther the  occiput  in  the  subject  of  v.  Meyer's  description  be  in  such 
a  state  of  preservation  as  to  support  the  conclusion  that  the  basi- 
oocipital  had  not  advanced  beyond  its  embryonic  notochordal  state, 
may  be  worthy  of  fresh  scrutiny  of  the  specimen  in  the  "  Mineralien- 
Kabinet."  With  whatever  result,  it  would  give  no  support  to  Eich- 
wald's reference  of  Kutorga's  Brithopus  and  Orthopus  to  such 
Labyrinthodont  genus,  or  to  the  synonymy  of  Melosaurus  with 
Fischer's  Eurosaurus. 

The  homology  and  reptilian  characters  of  the  portions  of  Permian 
fossils  described  and  figured  by  Kutorga  being  now  beyond  question, 
it  is  to  the  Theriodont,  not  the  Labyrinthodont  order  that  such 
humerus  must  be  referred.  I  say  "Theriodont"  rather  than 
"Anomodont,"  because  of  the  indication  of  the  more  powerful 
muscles  working  the  forearm  and  paw  which  is  afforded  by  the 
degree  of  development  of  the  "  supinator"  or  "  ectocondylar  "  crest 
in  Brithopus,  as  in  Cynodraco.  A  minor  development  differentiates 
the  humerus  in  the  genera  Dicynodon  and  Oudenodon. 

I  therefore  proceed  to  seek  for  other  evidences  of  Theriodontia  in 
Permian  fossils  of  the  Ural. 

*  Lethoa  Rossica,  8yo,  1860,  p.  1621. 

t  "L'os  coracoide"  de  YEurosaunw  "a  ete  prig1  anteneurement  pour  la 
partie  inferieure  de  l'bumerus  d'un  Mammifere ;  il  semble  plutdt  se  rapporter 
a  l'os  ooraooidien  de  I'omoplate,  qui  oflre  une  forme  tres-large  dans  Y ichthyo- 
saurus et  surtout  dans  le  HyUBosaurus  ManUU%:\.."l!o%  coracoide  de  YHylwo- 
saurus  est  perf  or6  d'un  trou  arteriel  et  nerveux ;  le  coracoide  de  Y Eurosaurus 
en  offre  deux,  un  trou  large,  peroe  de  ohaque  c6t6  de  sa  partie  retreoie  par 
laquelle  passaient  des  arteres  et  des  nerfs  de  rextremite  anterieure." 

"  l  Kutorga  die  organ.  Ueberreste«des  Kupfersandsteins,  Ac  pi.  i.  fig.  1-3" 
(Eichwald,  op,  cit.  p.  1626).  "  M  Kutorga  a  decrit  un  autre  os  fragmentaire 
comme  •  part  oondyloidea  humeri '  d'un  Mammifere  inoonnu ;  je  pr^fererais  le 
nommer  aussi  l'omoplate,  en  l'ajoutant  a  l'os  coracoide  "  (t&.  p.  1626). 

X  Foasile  Beptilien  im  Wurttemberg,  4to,  1828,  p.  38,  Taf.  v.  figs.  1  k  2. 
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So  long  as  such  evidence  afforded  by  the  arm-bone  remained  un- 
recognized, the  third  fossil  which  Kutorga  figures  (in  his  Taf.  iii.  fig. 
3,  A,  B,  C,  D,  E),  and  describes  (p.  19)  as  the  representative  of  his 
Pachydermal  genus  Syodon,  had  little  chance  of  being  extricated 
from  the  neglect  and  oblivion  into  which  it  had  fallen.  This  fossil 
is  a  recurved  subcompressed  caniniform  tooth,  3  inches  in  length, 
(following  the  convex  curve),  7  lines  in  anteroposterior  basal  breadth 
4  lines  in  transverse  basal  breadth,  which  diminishes  more  rapidly 
than  the  antero-posterior  one  to  the  point;  both  fore  and  hind 
margins  are  trenchant,  and  need  only  the  fine  serrations,  which  may 
have  been  overlooked,  to  make  the  correspondence  of  this  Permian 
tooth  with  the  upper  canine  of  Cynodraco  instructively  close. 
Kutorga's  fossil  is  certainly  more  like  that  reptilian  tooth  than  the 
tusk  of  a  wild  boar  or  other  porcine  species. 

A  more  decisive  dentary  evidence  of  a  Permian  Theriodont  is 
afforded  by  the  Deuierosaurus  biarmicus  of  Eichwald*.  This  species 
is  represented  by  the  fore  part  of  both  upper  and  lower  jaws,  which 
are  remarkable  for  the  predominance  of  the  vertical  over  the  trans- 
verse diameter.  The  disproportionate  development  of  the  canines, 
especially  of  the  upper  pair,  is  noted  in  the  generic  character : — "  lea 
canines  etaient  tres-longues,  surtout  celles  de  la  machoire  superieure  " 
(I.  c.  p.  1608).  I  submit  a  reduced  copy  of  Eichwald's  figures  of  the 
fossils  (Cuts,  figs.  3  &  4,  p.  358),  which  indicate  the  following  incisive- 
canine  formula : — i.  ^,  c.  j~»  The  lower  canine  crosses  in  front 
of  the  upper  one. 

One  small  molar  (fig.  4,  m)  is  shown  at  a  short  distance  behind 
the  upper  canine,  and  a  still  smaller  one  (ib.  m')  behind  the  lower 
canine  in  the  postcanine  portion  of  the  fragment  of  skull.  All  the 
teeth  have  conical  acuminate  crowns  with  denticulate  or  crenulate 
trenchant  borders.  In  the  incisors  the  fore-and-aft  diameter  pre- 
vails at  the  base  of  the  crown  chiefly  through  a  posterior  protuberance 
of  that  base :  in  the  canines  the  antero-posterior  diameter  is  greatest 
at  the  base  of  the  crown. 

In  all  the  more  essential  characters  there  is  a  close  agreement  be- 
tween Deuierosaurus  and  Cynodraco;  the  incisive-formula  is  the 
same  (Cut,  fig.  5,  Cynodraco  serridens,  from  Karoo  beds,  Fort 
Beaufort).  In  the  more  compressed  form  of  both  upper  and  lower 
jaws,  the  Lycosaurus  of  the  Karoo  beds  of  the  Sneewberg  range 
(Cut,  figs.  6,  7)  more  resembles  the  Deuterosaurus  of  the  Ural  Per- 
mian. But  the  incisive-formula  of  Lycosaurus  is  |^|.  The  canines 
of  DeuUrosaurus,  though  large  in  proportion  to  the  contiguous  in- 
cisors and  molars,  appear  relatively  less  than  in  Lycosaurus  or  Cy- 
nodraco. The  postbasal  swelling,  or  partial  "  cingulum,"  in  the 
incisors  of  DeuUrosaurus f  and  the  greater  relative  depth  of  the  man- 
dibular ramus  behind  the  canines  compared  with  that  of  the  sym- 
physial  part  supporting  the  incisors,  preclude  a  reference  of  the  Cape 
species  of  Theriodontia  to  the  genus  of  that  reptilian  order  from  the 

*  Lethoa  Roraica,  p.  1607,  tab.  lviii.  figs.  1,  2,  3. 
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I  submit,  therefore,  as  a  result  of  the  foregoing  analysis  of  the 
aicewiible  records  and  representatives  of  the  Permian  fossils  of  the 
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Ural,  that  we  have  an  additional  and  weighty  evidence  of  the  palaeo- 
zoic date  of  the  "  Karoo  series  "  of  South  Africa. 

I  next  propose  to  offer  evidence  of  a  Theriodont  reptile  affined  to 
Lycosauru$,  from  a  probably  Permian  deposit  in  North  America. 

In  a  "  red-sandstone  formation "  in  Prince-Edward  Island,  a 
portion  of  the  skull  of  a  reptile,  including  the  left  maxillary  (21), 
premaxiUary  (22),  and  nasal  (15)  bones  (Cut,  fig.  9),  was  discovered 

Fig.  8. 


Fig.  9. 
Pig.  8.  Lycosaurus,  Ow.  Fig.  9.  Bathygnathus,  Leidy. 

and  has  been  described  and  figured  by  the  eminent  palaeontologist, 
Joseph  Leidy,  M.D.,  in  the  *  Journal  of  the  Academy  of  Natural 
Sciences  of  Philadelphia '  *. 

The  teeth,  of  which  seven  are  preserved,  are  implanted  in  distinct 
sockets,  and  have  subcompressed,  recurved,  conical,  acuminate  crowns, 
with  anterior  and  posterior  trenchant  borders,  of  which  the  latter  is 
minutely  crenulated  t.  Of  these  teeth  the  foremost  in  the  maxillary 
bone,  protruding  close  to  the  maxillo-premaxillary  suture,  claims  by 


*  Vol.  ii.  p.  327,  plate  xxxii. 


t  lb.  ib. 
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its  superiority  of  size  and  length  of  crown  to  be  regarded  as  & 
"  canine  "  (Cut,  fig.  9,  c).  It  is  followed  by  five  much  smaller  but 
similarly  shaped  teeth,  to  be  classed  by  position  as  "  molars  "  (ib.  ib.  in). 
In  the  premaxillary  bone  but  one  incisor  has  been  preserved  (ib.  t) : 
"  its  anterior  border  is  obtuse  and  not  crenulated,  while  the  posterior 
border  is  acute,  but  is  too  much  broken  to  judge  whether  it  is  cre- 
nulated ;  the  enamelled  crown  has  been  about  9  lines  long  by  4  lines 
in  breadth  at  its  base.  The  fang  of  the  tooth,  like  that  of  the  other 
ones,  is  oval  in  section  "  *.  This  incisor  is  separated  by  a  diastema 
an  inch  in  extent  from  the  canine.  The  length  of  the  crown  of 
the  tooth  is  1  inch  9  lines,  with  a  breadth  of  base  of  7  lines.  "  Its 
fang  can  be  seen  in  the  wide  fissure  of  the  jaw  extending  two  inches 
from  the  alveolar  border  "t- 

The  foremost  molar,  with  a  visible  crown  6  lines  in  length,  pro- 
trudes at  a  distance  equal  to  its  own  anteroposterior  breadth  from 
the  canine.  The  crown  in  the  succeeding  molars,  which  are  com- 
pletely protruded,  is  9  lines  in  length.  Dr.  Leidy  describes  a  minute 
crenation  of  the  anterior  as  well  as  posterior  trenchant  borders  of 
the  crown  J. 

On  the  hypothesis  that  a  portion  of  the  upper  jaw  is  here  de- 
scribed, I  see  in  a  semicircular  notch  more  than  an  inch  across  the 
base,  at  the  upper  anterior  angle  of  the  fossil,  evidence  of  an  external 
nostril  (Cut,  fig.  9,  n).  Dr.  Leidy,  however,  has  described  and  figured 
this  fossil  as  "  the  right  dental  bone  "  of  the  lower  jaw.  The  grounds 
of  the  contrary  homology,  which  I  here  submit,  are  afforded  by  an 
almost  complete  skull  of  a  Lycosaurus,  from  the  Karoo  series  of  8. 
Africa  (Cut,  fig.  8). 

In  this,  as  in  other  Theriodonts,  a  well-marked  canine  (ib.  ib.  c) 
divides  a  series  of  small  incisors  (ib.  ib.  t)  from  a  similar  series  of 
small  molars  (ib.  ib.  m).  The  diastema  between  tho  canine  and  in- 
cisors is  rather  longer  than  between  the  canine  and  the  molars.  The 
crowns  of  all  the  teeth  have  the  same  general  shape,  even  to  the 
"  minutely  crenulated  "  hinder  border,  as  in  Bathygnathus,  Leidy  ; 
the  incisors  also  show  the  distinction  of  the  "  more  obtuse  anterior 
border." 

Both  fossils  are  remarkable  &r  the  depth  or  vertical  extent  of  the 
upper  jaw,  21 ;  and,  in  both,  the  alveolar  border  of  the  maxillary  de- 
scribes a  moderate  convex  curve.  This  seems  to  me  to  be  fatal  to 
the  mandibular  hypothesis.  I  exhibit  an  impression  of  the  plate 
(lxviii.)  of  my  '  Catalogue  of  S.  African  Reptilia,'  giving  a  side  view 
of  the  skull  of  Lycosaurus  curvimola,  also  an  impression  of  Leidy's 
plate  xxxiii.  of  his  Baihygnathus  bor  talis  (reduced  in  Cuts  8  &  9), 
from  which  may  be  better  appreciated  the  comparisons  leading 
me  to  refer  Baihygnathus  to  an  allied  genus  of  the  Theriodont  order 
of  Reptilia. 

If  the  proposed  homology  and  affinity  be  accepted,  then  the  students 
of  the  South- African  fossils  have  a  new  interest  in  the  determination  of 

»  Qp.otf.p.328.  t  Ib.  ib. 

\  This  character  is  repeated  in  certain  teeth  of  Cynodraco  serridens,  *  Cntal. 
of  S.- African  Reptilia/  4to,  1870,  pi.  xvii.  fig.  7. 
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the  horizon  of  the  Nova-Scotian  deposits  in  which  the  Bathygnathus 
borealis  was  discovered.  On  this  subject  the  experienced  geologist 
Principal  Dawson,  F.R.S.,  F.G.S.,  adds  a  note  to  Dr.  Leidy's  paper, 
a  quotation  from  which  may  not  be  unacceptable.  "  The  fossil  was 
found  at  New  London,  on  the  northern  side  of  the  island,  imbedded 
to  the  depth  of  9  feet  in  red  sandstone  with  calcareous  cement.  The 
total  depth  from  the  surface  was  21  feet  9  inches ;  tbe  discovery 
was  made  when  digging  a  well.  The  sandstone  in  question  belongs 
to  a  formation  which  occupies  nearly  the  whole  of  Prince-Edward 
Island,  generally  dipping  at  a  small  angle  to  the  northward.  It 
includes  thin  beds  of  coarse  concretionary  limestone;  and  at  the 
southern  side  of  the  island,  where  the  oldest  beds  of  the  formation 
appear,  there  are  beds  of  grey  clay  or  soft  shale,  and  brown  and  grey 
sandstone,  containing  silicified  trunks  of  coniferous  trees,  with  in- 
distinct vegetable  impressions,  perhaps  Catamites.  These  beds  may 
either  belong  to  the  top  of  the  Carboniferous  system  or  to  an  over- 
lying deposit  of  the  Permian  or  Triassic  age ;  and  in  either  case  the 
red  sandstones  which  conformably  overlie  them  will  be  equivalent  to 
the  New  Red  of  western  Nova  Scotia*  and  Connecticut,  and  are 
probably  Triassic  or  Permian."  To  this  note  there  is  the  following 
rider : — "  Mr.  Lea  states  he  agrees  with  Mr.  Dawson  in  supposing 
these  Red  Sandstones  to  be  equivalent  to  those  of  Connecticut,"  &c. ; 
and  he  further  observes,  "  there  are  many  reasons  in  favour  of  re- 
ferring them  to  the  superior  strata  of  the  Permian  series."  How- 
soever this  question,  viz.  as  between  Permian  and  Trias,  may  be 
decided,  no  fact  is  elicited  in  the  foregoing  survey  indicative  of 
a  Liassic  age,  and  the  majority  of  instances  weighs  in  favour 
of  a  Permian  period.  If  the  affinities  of  the  Ural  and  Prince- 
Edward-Island  fossils  have  been  correctly  determined,  we  have  evi- 
dence already  of  the  wide  geographical  range  (North  America, 
Europe,  South  Africa)  over  which  the  ReptiSa  distinguished  by 
certain  mammalian  structures  extended. 

The  Saurians  which  have  been  referred  to  the  family  of  Thecodonts, 
the  remains  of  which  have  been  obtained  from  the  dolomitic  conglo- 
merate of  Bristol,  have  not  only  the  teeth  implanted  in  distinct 
sockets,  but  have  crowns,  conical,  compressed,  acuminate,  with  an 
anterior  and  posterior  finely  serrated  edgef.  A  similar  type  of 
tooth  (  Cladiodon)  has  been  discovered  in  the  red  sandstone  of  War- 
wickshire. These  "  thecodonts  "  may  form  a  family  in  the  Therio- 
dont  order,  if  less  fragmentary  evidences  than  we  now  possess  do 
not  show  even  a  closer  similarity  in  their  dentition  to  the  type 
genera  of  the  Karoo  beds. 

The  steps  leading  to  the  above  results  may  be  summed  up  as 
follows: — 

To  Eutorga  belongs  the  merit  of  having  first  pointed  out  and 
figured  the  humeral  characters  which  he  terms  "  foramen  condy- 
loideum  internum"  and  "foramen  condyloideum  externum,"  but 
under  the  belief  that  both  were  mammalian  characteristics.     In  the 

*  Op.  cit.  p.  329.         t  *  Odontography,'  4to,  1840,  p.  266. 
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4  Descriptive  Catalogue  of  the  Osteological  Series  contained  in  the 
Museum  of  the  Royal  College  of  Surgeons,'  it  was  first  shown  that 
the  "  foramen  condyloideum  externum  "  was  a  character  of  a  rep- 
tilian humerus*. 

Professor  Huxley  was  the  first  to  figure  the  canal  homologous  with 
Kutorga's  "  foramen  condyloideum  internum,"  under  the  term  "  supra- 
coDdyloid  foramen  or  canal,"  in  a  humerus  of  a  Dkynodon  from  the 
Panchet  rocks  of  India,  and  in  the  humerus  of  a  Dicynodon  from 
the  Karoo  series  of  the  Cape,  in  elucidation  of  which  character  he 
remarks: — "A  supracondyloid  foramen  occurs  not  unfrequently 
among  Lacertian  Reptiles,  but  not  with  the  precise  form  and  pro- 
portions which  it  presents  in  these  two  humeri  "  f. 

The  determination  of  the  homology  of  the  supracondyloid  foramen 
in  the  humerus  of  the  Dicynodonts  and  Theriodonts  is  given  in  the 
'  Catalogue  of  8.- African  Beptilia '  J,  and  in  the  paper  on  Cynodraco  §. 
It  illustrates  the  mutual  affinity  of  the  two  extinct  groups,  and  their 
common  possession  of  a  mammalian  structure.  A  like  determination 
of  the  homology  of  Kutorga's  "  foramen  condyloideum  externum  " 
converts  into  certainty  the  suspicion  expressed  by  Agassiz  of  the 
reptilian  nature  of  Brithopas  and  Orthopus.  An  ectepicondylar 
foramen  or  canal  has  hitherto  been  seen  only  in  the  humeri  of  cold- 
blooded vertebrates  ;  an  "  entepicondylar  foramen  or  canal,"  charac- 
teristic of  many  genera  of  Mammalia,  is  also  characteristic  of  the 
humerus  in  certain  Beptilia,  but  has  hitherto  been  found  only 
in  extinct  genera  and  species  of  Palaeozoic  or  Permian  age. 

Thus  is  exemplified  the  value  of  close  study  and  comparison  of 
email  and  seemingly  insignificant  foramina  and  other  minute  cha- 
racters of  fossil  bones,  the  advantage  of  defining  such  characters, 
their  homologues  being  determined  under  distinct  names,  and  the 
indispensability  of  such  labour  in  all  who  would  contribute  to  "  the 
progress  of  sound  palaeontology  "  ||. 

Discussion". 
Professor  Seblet  could  not  realize  Prof.  Owen's  new  order.  It 
seemed  to  him  to  rest  upon  the  collocation  of  specimens,  for  which 
there  seemed  to  be  no  sufficient  evidence  to  justify  the  foundation 
of  a  new  order  upon  them.  It  seemed  to  be  stretching  a  point  a 
very  long  way  to  refer  all  these  isolated  specimens  to  a  new  order 
of  which  we  know  so  little.     The  Bristol  specimens  of  Palceosaurus 

*  4to,  toI.  i.  p.  184,  no.  943  (1863). 

t  "  On  Vertebrate  Fossils  from  the  Panchet  Rocks,"  Ac.  in  « Memoirs  of  the 
Geological  Survey  in  India,'  4to,  1865,  p.  10,  figs.  3  a,  b.  See,  however,  the 
™2J™  m  the  Quart.  Joum.  Geol.  Soc.  vol.  xxxii.  p.  98. 

The  figure  and  description  of  the  left  humerus  of  the  Dicynodon  Murravi, 
££»!£'  "!  'Q^-.Joyro-  Geol-  Soc/  vol.  xv.  1859,  exemplify  the  ajfflcultv 
attending  the  investigation  of  fossils  from  the  dark  hard  matrix  of  the  Karoo 

xlil  xbX  **  1876'  PP'  ^  ^  M '  Nos-  a  A«  59'  S-  A-  72,  S.  A.  88 ;  pis.  xxvii. 

t  (W  JjOXmi'  2*°!-  f00-  YoL  xxxii-  (18™)  p.  96,  pi.  xi.  figs.  6-11. 
I  Quart.  J0„rn.  Geol.  Soc.  vol.  xxvi.  (1869)  p  32.  ^ 
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did  not  seem  to  him  to  warrant  the  removal  of  that  genus  from  the 
Dinosauria. 

The  President  (Prof.  Duncan)  remarked  on  the  interesting  mode 
in  which  these  Reptilian  jaws  seem  to  foreshadow  those  of  the 
Mammalia.  During  the  existence  of  the  great  land  surface  which 
persisted  through  the  Carboniferous,  the  Permian,  and  the  Trias, 
many  land  reptiles  lived  upon  it,  and  doubtless  developed  those  cha- 
racters which  seem  to  be  Mammalian,  just  as  in  more  recent  times 
we  have  similar  characters  developed  under  similar  conditions  in  the 
Marsupial  Mammalia. 

Mr.  Ethertdge  stated  that  the  deposits  from  which  the  Bristol 
Saurians  were  obtained  certainly  belonged  to  the  middle  of  the 
British  Triassic  series,  forming  the  base  of  the  Keuper. 

The  Author  stated  that  the  teeth  of  Megalosaurus  among  the 
Dinosaurs  approached  nearest  to  those  of  his  Theriodontia,  but  they 
are  not  Thecodont.  Megalosaurus  had  amphiplatyan  vertebra?, 
whilst  those  of  the  Theriodonts  were  biconcave.  Considering  the 
fragmentary  evidence  upon  which  the  order  Dinosauria  was  first 
established,  and  the  fact  of  its  being  now  generally  accepted,  he 
did  not  think  that  the  argument  from  imperfect  evidence  against 
the  order  Theriodontia  was  of  much  value. 


Q.J.G.S.  No.  127.  2o 
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39.  Appendix  to  "  Note  on  a  Modified  Form  of  Dutosaubiax  Iltth, 
fo(A^r<o  reputed  Scapula."  By  J.  W.  Htjlkb,  Esq.,  F.ILS., 
F.GJ8.     (Read  June  9,  1875.) 

A  bsckht  discovery  of  Iguanodon-TemvuiB  in  the  Isle  of  Wight  by 
the  Rev.  W.  Fox  has  solved  the  riddle  of  the  bone  which,  in  the 
above  note,  I  brought  under  the  Society's  notice  towards  the  close 
of  last  Session*,  and  it  has  also  completed  our  knowledge  of  the 
pelvic  elements  of  MantelTs  Iguanodon.  It  will  be  remembered  that 
Mantell  and,  later,  Owen  had  regarded  the  bone  as  a  scapula,  first 
of  Iguanodon,  and  afterwards  of  some  unknown  reptile,  that  this 
decision  seemed  to  be  untenable,  and  that  the  balance  of  all  the 
evidence  I  could  up  to  that  time  collect  respecting  it  favoured  its 
being  an  ilium* 

This  fresh  material,  which  Mr.  Fox  has  courteously  permitted  me 
to  examine,  consists  of  a  series  of  vertebrae,  of  fragments  of  large  flat 
bones  which  cannot  be  any  thing  else  than  pieces  of  the  ilia,  of  a  pair 
of  ischia,  the  former  clavicles,  and  a  pair  of  the  bones  in  question. 

The  vertebrae  comprise  the  sacrum  and  a  few  of  the  adjoining  lumbar 
and  caudal  vertebras.    Their  form,  and  also  that  of  the- ischia,  agree 
so  closely  with  those  of  the  types  of  Mantell's  Iguanodon  in  the 
British  Museum  as  to  leave  no  doubt  of  their  generic  identity.     The 
third  pair  of  bones  in  the  pelvic  girdle,  which  are  neither  ilia  nor 
ischia,  must  be  pubes  (fig.  1,  P).     Their  shape  closely  repeats  that 
of  the  smaller  of  the  two  specimens  illustrating  my  note  (pi.  xxxii. 
fig.  1,  vol.  xxx.).     Inverting  the  bone  there  figured,  its  long  slender 
process  (Spp')  is  easily  identified  with  the  thin  elongated  rod  which, 
in  the  Mantell-Bowerbank  specimen  of  the  nearly  allied  Hypstio- 
phodon,  Prof.  Huxley  recognized  as  the  pubis  (i%,  pi.  ii.  Quart. 
Journ.  Geol.  Soc.  vol.  xxvi.).     This  identification  roughly  gives  the 
direction  of  the  whole  bone.     Its  long  slender  branch  slanted  down- 
wards and  backwards  parallel  to  the  ischium ;  and  the  little  process 
detached  from  its  posterior  surface  meeting  a  corresponding  process 
observable  in  all  well-preserved  ischia,  converted  the  upper  end  of 
a  long  narrow  obturator-space  into  a  foramen  having  the  position 
of  that  which  in  birds  (Ostrich)  transmits  the  tendon  of  the  obtu- 
rator intemus  muscle  (figs.  1  &  2,  obt).    The  process  marked  i  in 
the  figure  (pi.  xxxii.  vol.  xxx.)  joined  the  ilium,  and  that  marked 
p  the  ischium ;  the  smooth  intermediate  arc  formed  the  lower  and 
-5     A  — ^  _*  ^e  acetabulum,  whilst  the  broad  blade-like  part  sloped 
rds  and  forwards  (figs.  1-3,  p).    I  am  inclined  to  think 
nd  of  this  part  met  the  corresponding  extremity  of  the 
e  other  side  in  a  median  symphysis ;  but  I  have  not 
re  evidence  of  this  in  Iguanodon. 
f  its  large  contribution  to  the  acetabulum,  the  pubis 
rguanodon  resembles  that  of  existing  Lacertilia,  as  it 
}uart  Journ.  Geol.  Soc.  vol.  xxx.  p.  521,  pL  xxxii. 
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Fig.  1.  Restoration  of  Iguanodotfs  pelvis,  about  one  fourteenth  natural  size. 
„    2.  A  corresponding  Tiew  of  pelvis  of  Ostrich. 
„    3.  A  corresponding  Tiew  of  pelvis  of  an  existing  species  of  South-American  Lizard, 

about  twice  natural  size. 
„    4.  A  corresponding  view  of  pelvis  of  Crocodilus  niloticus,  about  one  fifth  natural  size. 

The  homologous  parts  in  each  figure  are  indicated  by  the  same  letters,  viz.  A,  aceta- 
bulum ;  H,  ilium ;  pra,  its  praacetabular  process ;  psa,  its  postacetabular  part ;  is,  ischium ; 
P,  os  pubis ;  p,  the  part  directed  beneath  the  belly  where  in  the  Lizard  it  meets  its  fellow 
in  a  mesial  symphysis ;  p\  its  postacetabular  part  directed  backwards  parallel  with  the 
ischium,  wanting  in  Lizards  and  Crocodiles ;  obf,  obturator  foramen  ;  obt,  foramen  for  the 
transmission  of  the  tendon  of  the  xnusculus  obturator  internus. 


Digitized  by  VjOOQ IC 


366  J.  W.  HULKS  ON  A  MODIFIED  DINOflATTRIAN  ILIUM. 

does  also  in  respect  of  its  broad  ventral  extension  and  probable 
median  symphysis  (compare  figs.  1  &  3);  whilst  its  long  slender 
branch  repeats  the  avian  resemblance  noticed  by  Prof.  Huxley  in 
Hypsihphodon  (figs.  1  &  2). 

My  warmest  thanks  are  due  to  the  Rev.  W.  Fox  for  allowing  me 
to  study  these  very  instructive  fossils. 


Discussion. 

Prof.  Seelet  said  he  thought  this  paper  was  one  of  the  most 
important  contributions  to  the  osteology  of  the  Dinosauria  that  had 
been  laid  before  the  Geological  Society  within  his  memory.  He 
entirely  agreed  with  the  interpretation  which  Mr.  Hulke  had  given 
of  the  bones.  He  said  that  in  the  Apteryx  the  pra&pubic  process  of 
the  pubis  is  more  developed  than  in  any  other  known  bird,  while 
the  whole  pelvis  in  other  respects  approximates  closely  to  that  of 
Iguanodon.  It  was  of  great  interest  to  find  the  fossil  showing  that 
this  process  attained  at  least  as  great  a  development  as  in  the  Chelonia 
and  Laoertilia,  because  it  showed  that  the  pelvis  of  Dinosaurs  was 
not  entirely  Avian,  but,  like  the  remainder  of  the  skeleton,  showed 
a  blending  of  Avian  and  Reptilian  peculiarities. 
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40.  On  the  Tbiassic  Kocks  o/Somebsbt  and  Devon.    By  W.  A.  E. 
XJssheb,  Esq.,  F.GLS.,  of  the  Geological  Survey  of  England  and 
Wales.    (Bead  June  7, 1876.) 
(Communicated  by  permission  of  the  Director  of  the  Geological  Survey.) 

Cohtents. 
I.  The  Mendip  Area. 

II.  Polden  Hills,  Bridgewater  and  Taunton  Yale. 
III.  West-Somerset  and  Devon  Area. 

Intbodttction. 

The  Triassic  areas  of  Devon  and  Somerset  may  be  divided  into  three 
lithological  districts  : — the  first,  on  the  north  and  north-east  of 
the  Polden  Hills ;  the  second,  on  the  north-east,  east,  and  south- 
east of  the  Quantocks;  the  third,  comprising  the  rest  of  the 
Triassic  area,  lies  between  Watchet  and  the  south  coast  of  Devon, 
being  bounded  on  the  west  by  the  Devonian  and  Culmiferous  high- 
lands, and  on  the  east  by  the  Quantock  and  Blackdown  ranges. 

The  first  of  these  districts  is  too  well  known  to  call  for  more  than 
a  general  description  in  this  place.  In  the  Geological-Survey  Memoir 
on  the  Bristol  Coalfield  it  has  been  already  treated  of,  the  labours  of 
Conybeare  and  Phillips,  De  la  Beche,  and  the  late  Mr.  Wm.  Sanders, 
with  those  of  Messrs.  Moore  and  Etheridge  having  left  little  to  be 
desired  as  far  as  the  description  of  the  Triassic  strata  is  concerned. 
With  reference  to  the  last-mentioned  districts,  of  which  we  purpose 
to  give  a  more  detailed  though  far  from  exhaustive  description,  it  is 
different,  the  relations  of  the  Trias  not  having  been  before  estab- 
lished, except  so  far  as  might  be  inferred  from  a  study  of  the 
splendid  section  along  the  coast  between  Seaton  and  Torquay. 

Sir  Henry  De  la  Beche,  in  his  report  upon  the  geology  of  Devon 
and  Cornwall,  gives  a  very  general  description  of  the  Trias,  without 
attempting  a  classification  of  its  component  marls,  sands,  and  con- 
glomerates, which  the  greater  time  occupied  in  the  resurvey  of  the 
district  has  enabled  me  to  make,  and,  by  the  kind  permission  of  the 
Director  of  the  Geological  Survey,  to  lay  before  the  Society.  A 
general  description,  adducing  only  such  evidence  as  becomes  neces- 
sary to  prove  the  sequence  which  we  have  adopted,  and  to  the 
exclusion  of  such  details  as  must  be  reserved  for  Geological-Survey 
publication,  is  here  attempted. 

I.  The  Mendip  Area.     Trias  North  of  the  Polden  Hills. 

Throughout  the  districts  occupied  by  Triassic  strata  between 
Bristol  in  the  north  and  Glastonbury  and  Shepton  Mallet  in  the 
south,  and  between  the  mouth  of  the  Severn  in  the  west  and 
Frome  in  the  east,  their  lithological  characters  seldom  vary,  the 
major  part  consisting  of  red  and  greyish  green  marls,  in  the 
neighbourhood  of  Paheozoic  hills  resting  upon  or  dovetailing  into 
conglomerates  with  a  dolomitic  matrix,  which  from  their  marginal 
nature  are  but  locally  observable  and  superficially  occupy  a  very 
limited  area. 

Q.J.G.S.  No.  123.  2d 
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The  variegated  marls  outcropping  from  beneath  the  Iiasaie 
strata  in  the  east  occupy  the  lowest  tracts  of  land  covered  by 
the  secondary  rocks,  capped  here  and  there  by  Liassic  beds,  where 
bilk  of  sufficient  height  to  allow  of  their  presence  occur,  or 
where  exceptional  cases  of  fault  have  rendered  both  equally  sus- 
ceptible to  the  forces  of  denudation.  The  scanty  herbage  some- 
times permits  the  junction  between  the  marls  and  overlying 
Rhaetic  beds  to  be  seen,  even  at  a  considerable  distance,  on  the 
slopes  of  these  outliers,  the  grey  and  cream-coloured  marls  of  the 
Rhsetic  offering  a  marked  contrast  to  the  green-,  grey-,  and  red- 
banded  marls  of  the  Trias. 

As  a  general  rule,  greenish  and  bluish  grey  tints  are  most  pre- 
valent in  the  upper  portions  of  the  marls.  Bands  of  greenish  grey 
calcareous  stone  are  frequently  met  with,  sometimes  occurring  in 
lamina},  upon  the  surfaces  of  which  pseudomorphs  of  crystals  of 
rock  salt  have  been  occasionally  discovered.  Mr.  Bristow  found  a 
specimen  in  the  railway-cutting  between  Shepton  Mallet  and  "Wells 
during  my  noviciate  in  field-work.  Bluish  mottling  and  banding 
is  not  uncommon  in  the  marl. 

Sandstones  appear  to  be  intercalated  with  it,  but  in  very  excep- 
tional cases,  where  we  were  unable  to  ascertain  their  thickness  or 
relations  to  the  underlying  beds. 

At  Clavorham,  near  Yatton,  grey  sandstones  occur  which  are 
much  used  in  the  neighbourhood  for  building-purposes,  owing 
to  their  durability  and  hardening  en  exposure.  The  local  epithet 
for  these  beds  is  ClarTiam  stone ;  but  whether  they  occur  as  a  small 
lenticular  patch  in  the  marl,  or  as  a  boss  of  a  subjacent  extensive 
bed,  there  only  brought  to  the  surface,  we  are  unable  positively  to 
say,  though  from  the  proximity  of  Carboniferous  sandstones  capable 
of  furnishing  them,  and  the  fact  that  similar  beds  have  not  been 
traced,  we  are  inclined  to  the  former  hypothesis. 

At  Ridge  Hill,  on  the  west  of  Chew  Stoke,  beds  of  soft  sandstone 
are  shown  under  the  marls  in  a  road-cutting.  Here  again  the 
proximity  of  a  patch  of  Millstone  Grit  at  Leigh  Down,  about  half  a 
mile  to  the  northward,  is  sufficient  to  explain  their  presence ;  but 
their  vicinity  to  the  conglomerates  on  the  north,  and  the  occasional 
presence  of  arenaceous  beds  at  the  base  of  the  marls,  render  it 
difficult  to  determine  whether  they  do  or  do  not  rest  on  the  con- 
glomerates directly,  their  junction  with  them  being  concealed  by  an 
overlap  of  marl. 

Arenaceous  beds  outcrop  at  the  base  of  the  marls,  near  Backwell, 
between  Brockley  Elm  and  Yatton,  between  Yatton  and  Wrington, 
and  also  at  Churchill ;  they  are  best  developed  near  Roddy  to  the 
north  of  Congresbury,  and  at  Churchill. 

The  irregular  junction  sometimes  noticeable  between  the  marls 
and  conglomerates,  and  the  very  unequal  breadth  of  outcrop 
exhibited  within  short  distances  by  the  latter,  render  it  probable 
that  these  sandstones  may  represent  portions  of  arenaceous  deposits 
thrown  down  further  from  the  old  Triassic  shores,  and  subsequently 
overlapped  by  muddy  sediments,  as  a  progressive  subsidence  nar* 
rowed  the  limits  of  tie  existing  land. 
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We  do  not  know  of  the  occurrence  of  similar  sandy  beds  on  the 
flanks  of  the  Mendipe ;  superficial  evidence  confines  them  to  Broad- 
field  Down. 

With  very  few  exceptions  the  old  Triassic  coast  line  in  this 
area  is  fringed  with  conglomerates,  sometimes  occurring  super- 
ficially as  very  thin  fringes  resting  on  the  Palaeozoic  rocks,  as 
on  Banwell  Hill,  Sandford  Hill,  &c,  sometimes  occupying  con- 
siderable local  superficies,  as  near  Wring  ton,  Blagdon,  Shipham, 
Chilcompton,  Mells,  Croscombe,  Ac.  (in  which  places  they  occupy 
high  grounds  sloping  towards  the  principal  valleys,  with  minor  hills 
and  undulations  of  their  own),  sometimes  rising  in  bold  hills  wrap- 
ping a  nucleus  of  Mountain  Limestone  which  is  here  and  there  tin- 
covered,  as  at  Churchill  and  Decoy  Nyland,  near  Cheddar,  some- 
times as  inliers  in  valley  bottoms  as  at  Midsomer  Norton,  some- 
times as  outliers  on  the  older  rocks,  as  at  Slab-Ho  (north  of  Dinder) 
and  near  Binegar  and  Nettlebridge.  In  all  cases  where  it  rests  upon 
the  older  rocks  the  conglomerate  fills  the  inequalities  in  their  out- 
line, presenting  a  very  irregular  junction  with  them  in  places  where 
the  old  coast  was  much  indented. 

De  la  Beche  thus  describes  the  composition  of  these  conglomerates 
(Mem.  Geol.  Surv.  of  Gt.  Brit.  vol.  i.  p.  240) :— "  The  lowest  part  of 
the  poicilitic,  or  new  red  sandstone  series  in  our  district  has  gene- 
rally been  considered  as  composed  of  a  conglomerate  formed  of 
rounded  portions  or  fragments  of  the  subjacent  rocks  cemented  by 
carbonate  of  lime,  mixed  occasionally  with  so  much  carbonate  of 
magnesia  that  the  name  magnesian  conglomerate  was  applied  to  it, 
and  magnesian  limestone  to  the  limestone  into  which  it  sometimes 
graduates  by  the  disappearance  of  the  pebbles  of  the  subjacent 
rocks,  and  the  presence  of  little  else  than  the  matter  of  the  cement. 
Instead  of  these  terms  the  names  of  dolomite  conglomerate  and 
limestone  were  suggested  by  Dr.  Buckland  and  Mr.  Conybeare, 
they  at  the  same  time  observing  that  the  cement  or  limestone,  in 
the  absence  of  pebbles  and  fragments,  was  sometimes  dolomite 
(carbonate  of  lime  and  magnesia)  mixed  with  carbonate  of  lime,  at 
others  merely  carbonate  of  lime.  They  also  pointed  out  that  the 
pebbles  and  fragments  in  the  conglomerate  or  breccia  were  those  of 
the  nearest  hard  rock,  fragments  of  coal  sandstones  being  scarce, 
probably  from  their  texture  being  commonly  too  friable  to  resist  the 
friction  to  which  the  other  pebbles  had  been  exposed." 

De  la  Beche  (ibid.  p.  241),  after  mentioning  the  irregular  pro- 
jection of  the  conglomerates  from  the  margin  at  intervals  into  the 
marl  (of  which  we  recall  to  mind  an  instance  at  Dunyate,  near 
Axbridge,  on  the  south  side  of  the  Mendip  hills),  proceeds  to  say : — 
"It  will  be  evident  that  whenover  conditions  may  arise  for  the 
deposit  of  the  carbonate  of  lime,  or  of  carbonate  of  lime  and 
magnesia,  as  the  case  may  be,  without  including  the  pebbles,  the 
travertino,  for  such  it  would  be,  would  cover  up  the  conglomerate 
beneath.  In  supposing,  therefore,  that  these  dolomitio  conglomerates 
may  often  have  been  beaches  skirting  the  land  of  the  time,  rising 
higher  and  higher  up  its  flanks  as  such  land  became  depressed 
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relatively  to  the  sea,  we  do  not  suggest  a  mode  of  explanation  at 
variance  with  the  manner  in  which  such  things  may  happen  at  the 
present  time,  but  on  the  contrary,  one  in  accordance  with  it." 

He  says  further  (ibid.  p.  246),  "  The  conglomerate  of  the  Yale  of 
Westbury  is  pointed  out  as  containing  an  abundance  of  sulphate  of 
strontia,  forming  part  of  the  matter  cementing  the  pebbles  and  frag* 
ments  together.  The  frequent  occurrence  also  of  nests  of  sand  in 
many  places,  the  irregular  cavities  filled  with  rock  crystal,  chal- 
cedony, carbonate  of  lime  and  other  minerals,  and  which,  when 
detached  from  the  matrix  surrounding  them,  are  locally  known  as 
Potato-stones,  is  mentioned  (Geol.  Trans,  vol.  i.  pp.  212,  291-294, 
&c. ;  ibid.  1st  ser.  vol.  iv.).  These  cavities  so  filled,  and  shown  to  be 
particularly  abundant  near  Mells  (Mendip  Hill  district),  are  of  the 
same  kind  as  those  noticed  at  Eenfig  Point,  Glamorganshire,"  where 
the  most  westerly  patch  of  conglomerate  occurs. 

On  p.  249,  De  la  Beche  notices  intercalations  of  flesh-coloured 
dolomitic  limestones  with  the  marls,  on  the  south  of  the  Mendips, 
near  Croscombe.  They  seem  to  be  passage-beds  into  the  underlying 
dolomitic  conglomerate.  The  presence  of  arenaceous  matter  in  the 
lower  part  of  the  Trias,  in  neighbourhoods  where  Palaeozoic  sand- 
stones occur,  has  been  already  noticed;  it  might  be  of  interest, 
however,  to  quote  an  instance  at  Portishead,  given  by  De  Ja  Beche 
in  the  work  before"  referred  to  (pp.  248,  249  *),  the  beds  being 
given  in  descending  order : — 

1.  Conglomerate. 

2.  Layers  of  red  and  buff-coloured  sandstone. 

3.  Conglomerate. 

4.  White  crystalline  dolomite. 

5.  Buff-coloured  sandstone. 

6.  Conglomerate  reposing  on  the  edges  of  the  coal-measure  sandstone 

(Pennant  grit). 

In  fact,  throughout  this  district,  the  general  absence  of  arenaceous 
matter  of  Triassic  age  may  be  accounted  for  by  the  groat  quantity 
of  calcareous  sediments  afforded  to  the  denuding  agents  of  that 
period,  through  the  prevalence  over  the  area  of  Carboniferous  lime- 
stones. Even  in  cases  where  the  shores  were  wholly  composed  of 
Carboniferous  sandstones  the  transport  of  calcareous  matter  from 
adjoining  limestone  coast-lines  prevented  the  representation  of  the 
marginal  deposits  by  sandy  beds  alone,  but  produced  an  intercalation 
of  sandy  and  calcareous  matter,  according  as  the  degradation  of  the 
sandstone  cliffo  was  counteracted  by  the  interception  of  beach 
materials,  or  counterbalanced  by  the  influx  of  calcareous  sediment 
from  the  vicinity. 

The  reverse  is  the  case  in  the  Devon  area,  where  the  shales  and 
grits  of  the  Devonian  and  Culm-measure  strata  afforded  a  mass  of 
arenaceous  sediment,  in  which  the  occasional  limestones  occurring 
in  them  were  in  their  degradation  unable  to  produce  any  marked 

*  Vide  Moore,  "  Abnormal  Secondary  Deposits,*  Quart.  Journ.  Geol.  Soc.  xxiii. 
p.  456 :  a  gallery  driven  in  search  of  manganese,  through  conglomerates  with 
intercalated  masses  of  bluish  and  variegated  marl,  at  Croscombe. 
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change,  or  to  afford  intercalations  of  calcareous  matter  other  than 
is  locally  to  be  seen  in  certain  of  the  lowermost  breccio-conglomerates 
in  the  neighbourhood  of  Sampford  Pevcrell  (vide  Conybeare  and 
Phillips, '  Outlines  of  Geology  of  England  and  Wales,'  p.  308),  and 
in  the  vicinity  of  Paignton  and  Teignmouth,  in  the  middle  series  of 
conglomerates  near  Wiveliscombe,  Milverton,  and  Yellow  (near 
Stogumber),  and  the  marlstones  between  Bishops  Lydeard  and 
Crowcombe  Heathfield,  and  the  calcareous  nodules  and  beds  in  the 
same  sandstones  in  other  places.  The  fragments  contained  in  the 
conglomerates  are  principally  composed  of  Carboniferous  limestone, 
exhibiting  various  degrees  of  attrition,  from  .well-rounded  boulders 
and  pebbles  to  nearly  angular  fragments. 

At  Wrington  (near  Yatton)  and  Draycot  (near  Cheddar)  beds 
rather  approaching  to  the  character  of  a  breccia  than  a  conglomerate 
occur,  and  in  the  latter  locality  form  a  very  serviceable  building-stone. 

Organic  Remains. — Sir  H.  De  la  Beche,  in  the  work  before  cited 
(p.  268),  says : — "  In  the  dolomitic  or  magnesian  conglomerate  of 
Redland,  near  Bristol,  Dr.  Kiley  and  Mr.  Stutchbury  have  found  the 
remains  of  two  Saurians,  to  which  they  gave  the  names  of  Thecodon- 
tosaurus  and  Paloeosaurus"  {Vide  Moore,  "Abnormal  Secondary 
Deposits,"  I  e.  p.  456.) 

We  may  therefore  infer  that,  from  its  first  known  appearance 
in  the  Coal-measures,  Sauroid  life  had  continuously  progressed 
through  the  Triassic  period  (of  which  Mr.  Lavis's  recent  interesting 
discovery  at  Sidmouth  affords  further  proof)  wherever  the  waters  of 
that  period  were  favourable  to  their  existence,  till  in  the  Iiassio 
age  more  suitable  conditions  for  their  preservation,  if  not  for  their 
increase,  prevailed. 

Thickness. — According  to  Conybeare  and  Phillips  (p.  299),  "  At 
Pucklechurch,  in  Gloucestershire,  shafts  have  been  sunk  from  the 
Lias  to  the  coal-measures ;"  the  Trias  was  found  to  bd  153  feet  in 
thickness. 

In  a  section  of  a  coal-pit,  }  mile  south-east  of  the  village  of 

Paulton  (ibid.  p.  429),  the  Trias  underlying  Iiassic  and  Oolitic  beds 

was  found  to  consist  of —  *. 

ft,     in. 

Bed  marl  and  sand  132    0 

Calcareo-magnesian  conglomerate,  called  millstone  6    0 

Total  thickness  of  Trias...    138    0 

In  a  pit-section  at  Chilcompton,  given  by  Messrs.  Buckland  and 
Conybeare  (in  observations  on  the  south-western  coal-district),  the 
dolomitic  conglomerate  continued  for  138  feet  from  the  surface. 
(It  should  be  mentioned  that  the  major  part  of  the  formation  in  this 
locality  is  represented  by  conglomerates,  and  that,  in  places,  the 
Rhaetic  beds  appear  to  rest  directly  upon  them,  so  that  the  formation 
of  conglomerate  appears  to  have  been  locally  continuous  and  con- 
temporaneous with  that  of  the  upper  beds  of  marl.) 

The  same  observers  give  a  section  of  a  pit  at  Welton,  to  the 
north  of  Midsomer  Norton,  which  was  sunk  through  114  feet  of 
red  marl,  resting  on  6  feet  of  dolomitic  conglomerate. 
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"  There  is  a  large  development  of  this  conglomerate  at  Stratton- 
on-the-Foase,  where  it  comes  in  contact  with  the  exposed  edges  of 
the  Coal-measures,  and  again  at  Hells,  whence  a  narrow  belt  passes 
beyond  the  Tillage  of  Elm,  skirting  the  limestones  to  Yallis.  Con* 
glomerate*  are  also  found  continuously  along  the  limestone  escarp* 
ments,  filling  up  the  inequalities  of  the  surface  on  both  the  north 
and  south  flanks  of  the  southern  portion  of  the  Mendips.  .  .  .  Few  if 
any  organic  remains  of  a  locality  so  disturbed  as  were  the  probably 
local  coast  lines  on  which  these  pebbly  deposits  were  laid  down  can 
be  expected  to  have  been  preserved?'  (Moore,  "Abnormal  Secondary 
Deposits/'  I.  c.  p.  455.) 

Mr.  Moore  says  the  dolomitic  conglomerate  is  found  to  vary 
from  3  to  60  feet  in  thickness, 

Mr.  Moore  ("  Abnormal  Secondary  Deposits,"  I.  c.  p.  498)  gives  the 
following  representation  of  the  Trias  in  the  Mangotsfield  railway- 
cutting  : — 

Under  Bhatk  Beds, 

Keuper,  consisting  of  variegated  red  and  Mue  marls  with  sul-    **■    uu 
phate  of  strontia,  passing  into  regularly  bedded  New  Bed 
oancUtones  without  organisms about    25    0 

Besting  on  Pennant  Koch. 

In  the  same  paper  (ibid.  p.  458)  he  says : — "  It  will  be  seen  that 
within  this  part  of  the  Somersetshire  coal-basin  the  Triassic  rocks 
are  reduced  to  a  little  over  50  feet,  whilst  south  of  the  Mendips, 
and  where  only  partially  proved,  they  attain  a  thickness  of  609  feet." 

He  says  further  (p.  476),  "Comparing  the  greatest  thickness 
1  of  the  Trias '  without  the  coal-basin  with  the  greatest  reduction 
above  the  coal-measures  within  it,  we  arrive  at  the  following 
remarkable  result." 

Without  the  Coal-basin.     Within  the  Coal-basin, 
ft.       in.  ft     in. 

Triassic  beds        ..  2000    0  50    0 

Mr.  Moore  gives  the  thickness  of  the  Trias  at  the  Tyning  Pit 
(near  Radstock)  as  186  feet,  of  which  19  feet  at  the  base  consist 
of  dolomitic  conglomerate. 

At  Norton-Hill  Pit  tho  marls  are  given  as  118,  and  the  con- 
glomerates 54  feet  in  thickness. 

At  Batheaston  a  pit,  in  1812,  showed  54  feet  of  Trias  under 
Bheotic  beds. 

The  red  marls  of  the  northern  area  were  deposited  continuously 
with  the  upper  portions  of  the  marls,  upon  which  the  Blackdown 
greensands  to  a  great  extent  rest  directly. 

The  same  general  description  is  applicable  to  the  latest  stage  of 
deposition  in  the  three  districts  under  consideration  ;  but  the  great 
attenuation  exhibited  by  the  Trias  of  the  northern  district  precludes 
any  attempt  at  correlation  as  regards  time  with  the  much  greater 
development  of  marls  which  in  South  Devon  form  only  the  upper  part 
of  the  Trias. 

As  we  have  no  reason  for  inferring  that  deposition  was  more 
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rapid  to  the  south  than  to  the  north  of  the  Mendip  hills,  and  certainly 
could  never  have  been  so  unequal  as  to  cause  the  sediments  formed 
in  the  northern  area  to  bear  so  small  a  proportion  to  those  thrown 
down  in  the  southern  districts,  on  the  assumption  that  deposition 
took  place  contemporaneously  in  both,  we  have  every  ground  for 
inferring  with  Sir  H.  De  la  Beche  that  "  deposits  were  not  effected 
over  the  northern  area  to  any  great  extent  until  the  period  when 
the  red  marls  prevailed,  when  the  waters  of  the  time  evidently 
overspread  a  considerable  portion,  there  being  a  free  passage  of  sea 
between  Wales  and  Devon,  with  outstanding  islands." 

H.  Area  of  the  Poldcn  Hills,  Bridgewater  and  Taunton  Vale. 
(a)  Bridgewater  District. 

We  have  placed  this  afoa  second  in  order,  not  only  because  it 
separates  the  northern  from  the  southern  area,  but  because  it  seems 
to  present  a  transition  stage  between  the  simple  uniformity  of  the 
Triassio  deposits  in  the  one,  and  their  more  complex  and  variable 
nature  in  the  other. 

We  include  in  this  district  the  country  on  the  south  of  the 
Quantocks  as  far  west  as  Taunton.  It  is  therefore  bounded  on  the 
south  by  the  Liassic  tableland  (on  the  north-eastern  side  of  the 
Blackdown  Range),  on  the  east  by  the  Poldon  hills,  and  on  the 
north  by  the  Otterhampton  Liassic  strata,  the  beds  resting  upon  the 
slopes  of  the  Quantocks  upon  their  north-east,  east,  and  south  flanks. 

The  Trias  in  this  area,  east  of  a  line  drawn  north  and  south 
through  Bridgewater,  and  south  of  a  line  drawn  in  an  east  and 
west  direction  through  Monkton  Heathfield,  appears  to  consist 
entirely  of  red  variegated  marls  of  the  same  character  as  those  on 
the  north ;  that  is,  everywhere  marls  are  at  the  surface ;  but  whether 
they  rest  directly  on  the  older  rocks  or  conceal  lower  beds  of  dif- 
ferent characters,  we  are,  through  the  want  of  sufficiently  deep 
excavations,  unable  to  say — though,  from  the  presence  of  arenaceous 
beds  in  places  on  the  south  slopes  of  the  Quantocks,  we  are  inclined 
to  believe  that  an  intercalation  at  least  of  arenaceous  matter  with  the 
marl  occurs  near  the  base  of  the  Valo-of -Taunton  Trias,  marking  the 
marginal  accumulations  of  a  coast  receding  with  gradual  subsidence. 

This  view  is  in  a  measure  borne  out  by  the  observations  of  Mr. 
Moore,  to  whom  we  are  again  largely  indebted.  He  gives  a  section  at 
Buishton,  north  of  Taunton*,  21  feet  5  inches  in  depth,  consisting  of — 

ft  in. 

Bed,  bluish  green,  and  grey  marls 9  7 

Gritty  conglomerate  with  occasional  sandy  bands  and  inter- 
mediate layers  of  marl,  with  Fish,  Reptile,  and  Batrachian 
remains    (including    teeth  of    Labyrinthodon,  ?    Belodon, 

Acrodus  keuperinus,  Esthtria  minuta,  &c.)    1  2 

Sandstone 0  2 

Finesandybed  0  6 

Bluish  ana  red  marls 10  0 

At  North  Curry,  under  an  undetermined  thickness  of  variegated 
marls,  Mr.  Moore  notes  the  occurrence  of  various  beds  of  dull  grey 
*  Quart.  Journ.  GeoL  Soc.  vol.  rriii.  p.  468. 
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and  brown  sandstone,  enclosing  nodules  of  marl,  and  containing 
Esthtria,  plants,  traces  of  fish-scales,  and  a  Beptilian  bone — in  all 
3  feet  6  inches  thick,  and  resting  upon  marls  exposed  to  a  depth  of 
more  than  50  feet. 

At  Knap,  he  gives  a  section  of  beds  to  which  he  assigns  a  lower 
position  than  those  exposed  in  the  North-Curry  section : — 

ft.   in. 
Variegated  maris  with  a  hard  grey  band  of  stone  2  inches  thick    10    9 

Grey  sandstone  in  thin  courses 3    0 

Sandstone 1  10 

Kedmarl 1  10 

Grey  sandstones  10  11 

28    4 

Near  Stoke  St.  Mary,  Mr.  Moore  noticed  thin  beds  in  the 
Keuper  containing  Posidonomya  minuta. 

Upon  the  south-eastern  flanks  of  the  Quantocks,  between  North 
Petherton  and  Dura  ton,  beds  of  rock-sand  rest  upon  the  l>evonian 
strata,  and  attain  their  greatest  superficial  breadth  (of  one  mile 
and  a  half)  between  St.  Michael's  church  and  Thurioxton.  From 
North  Petherton  they  gradually  diminish  in  superficial  breadth  upon 
the  north-eastern  flanks  of  the  Quantocks ;  and  at  Enmore,  where 
they  are  in  parts  slightly  brecciated,  they  disappear  beneath  the 
overlying  marls,  which  restdirectly  upon  the  older  rocks  for  a  dis- 
tance of  three  miles.  At  this  point  a  deep  valley  has  been  cut 
through  the  marls,  exposing  sandstones  resting  upon  the  older  rocks 
and  continuing  for  a  mile  down  the  valley  to  a  point  beyond  Spaxton, 
where  they  are  apparently  cut  off  by  a  fault  bringing  down  marls. 

The  area  between  Bridgewater  and  the  Quantocks  is  character- 
ized by  the  presence  of  numerous  inlying  hills  of  Devonian  grit,  and 
by  the  prevalence  of  faults  in  an  easterly  and  westerly  direction ; 
three  of  these  to  the  north  of  Bridgewater  are  especially  noticeable, 
as  they  intersect  the  Triassic  area,  affecting  its  component  marls  and 
sandstones  between  the  alluvial  flats  of  the  river  Parret  and  the 
slopes  of  the  Quantocks. 

The  Devonian  inliers  are  frequently  flanked  by  beds  of  sandstone, 
as  at  Cannington  and  Eadlet  farm ;  but  the  overlying  marls  seldom 
allow  more  than  a  partial  exposure  (of  sandstone)  upon  their  flanks. 

Between  Charlinch  and  Cannington,  beds  of  sandstone  are  inter- 
calated with  the  marls,  and  are  either  passage-beds  between  them 
and  the  marginal  sandstones^upon  the  Quantock  slopes,  or  a  local 
modification  caused  by  the  interchange  of  calcareous  matter  as  fine 

modification  of  the  Bridgewater 
f  hard  bedded  breccia,  consisting 
mded  fragments  in  a  matrix  of 
ling  beds  of  sandstone  unbrec- 
y  local  occurrence ;  as  far  as  we 
they  appear  to  occupy  a  position 
hey  are  always  found  to  pass  up- 
i  of  the  Wembdon  sandstones  to 
against  which  they  are  faulted, 
we  at  present  say  whether  the 
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breccia  rests  directly  upon  the  older  rocks,  though  we  are  inclined 
to  consider  its  position  as  indicative  of  a  nucleus  of  older  rock, 
brought  up  by  faults,  but  not  exposed,  through  the  greater  durability 
of  the  TriasBic  beds  thrown  down  upon  it. 

To  continue  the  thread  of  our  notice  of  the  marginal  sandstones 
on  the  Quantock  slopes,  interrupted  by  this  necessary  digression, — 
between  the  Spaxton  valley  and  Over  Stowey  we  find  sandstones 
fringing  the  older  rocks,  but  superficially  forming  a  band  of  no 
great  breadth.  At  Nether  Stowey,  however,  we  find  the  sandstones 
flanking  the  older  rocks,  and  at  Doddington  overlain  by  marls  which 
continue  to  the  Liaesic  districts  on  the  north,  extending  for  some 
distance  from  their  margin,  and  connecting  sandstone  beds,  in  places 
flanking  the  Devonian  inlier  of  Radlet  Farm,  with  the  marginal  sand- 
stones on  the  Quantock  slopes.  The  southern  boundary  of  this 
exposure  of  sandstone  is  formed  by  one  of  the  three  great  faults 
before  mentioned,  bringing  up  marls  on  the  south. 

Upon  the  north  side  of  the  most  northerly  of  these  three  great 
faults,  the  sandstones  of  Doddington  appear  to  the  south  of  Fid- 
dington,  in  a  small  valley  between  that  point  and  Cannington  Park, 
and  to  the  south  of  Cannington  Park,  proving  their  continuity  in 
that  district  under  the  marls. 

By  similar  reasoning,  into  which  we  cannot  now  enter,  we  are 
led  to  infer  that  the  sandstones  flanking  the  Quantocks  are  of  the 
same  age  with  those  brought  up  here  and  there  by  faults  and 
exposed  on  the  sides  of  Devonian  inliers.  Whether,  when  the  area 
of  Bridgewater  first  came  within  the  influence  of  Triassic  waters, 
breccias  were  thrown  down  over  a  much  larger  area  than  tho 
vicinity  of  Wembdon  Hill  and  subsequently  overlapped  by  sand- 
stones, or  formed  merely  a  local  variation  of  arenaceous  beds  at 
first  deposited,  we  are  unable  te  say* 

(fi)  Vale-of-Taunton  District 

In  the  vale  of  Taunton  we  find,  superficially  at  least,  an  order  of 
deposition  and  mode  of  occurrence  in  the  Triassic  strata  as  simple 
as  that  exhibited  in  the  Mendip  country ;  but  on  either  side  of  it 
the  relations  of  the  beds  are  more  obscure,  owing  to  the  greater 
Hthological  differences  observable  and  the  occurrence  of  numerous 
faults ;  yet  when  we  trace  the  marginal  sandstones  on  the  Quantocks 
from  Durston  westwards,  as  we  have  .already  done  in  the  Bridge- 
water  district,  we  shall  find  that  they  form  a  connecting  link  be- 
tween the  deposits  of  the  Bridgewater  area,  and  the  more  complicated 
divisions  of  west  Somerset  and  Devon, — in  other  words,  that  a  con- 
temporaneous deposition  of  arenaceous  material  took  place  in  the 
Watchet-valley,  Vale-of-Taunton,  and  Bridgewator  district.  From 
Durston  these  sandstones  gradually  attenuate  at  the  surface,  being 
concealed  by  marl  resting  directly  on  the  older  rocks  to  the  south- 
east of  Hestercombe;  at  Cheddon  Fitzpaine  they  reappear,  beiig 
brought  up  by  fault,  and,  with  an  average  breadth  of  half  a  mile, 
continue  to  within  a  mile  of  Kingston  (north  of  Taunton).  Hore 
marls  rest  upon  the  older  rocks.  To  the  west  of  Kingston,  how- 
ever, sandstones  reappear  and  exhibit  some  superficial  development; 
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at  Yawford  they  are  concealed  by  marl,  but  at  once  emerge,  and 
thence  continue  along  the  southern  flanks  of  tho  Quantocks  at 
Bishops  Lydeard  and  in  the  Watchet  valley,  finally  becoming  por- 
tions of  the  Upper  Sandstone  division  of  the  Devon  and  West* 
Somerset  Trias,  hereafter  to  be  treated  of. 

Thicknm.T- Considerable  difficulties  exist  in  estimating  the  thick- 
ness of  the  Trias  in  this  area.  Mr.  Moore  ("  Abnormal  Seoondary 
Deposits,"  I.  c.  p.  458)  mentions  a  boring  made  at  Compton  Dundon, 
south  of  Street,  through  a  small  thickness  of  Rhaetic  beds,  in  which 
the  base  of  the  Keuper  was  not  reached  at  a  depth  of  609  feet. 
If  we  allow  a  persistent  dip  of  3°  in  the  Bridgewater  Trias,  measur- 
ing its  outcropping  breadth  from  the  Eheetic  beds  on  the  Folden 
Hills,  near  Puriton  mill,  to  the  Quantocks  near  north  Petherton, 
we  get  a  thickness  of  about  1200  feet ;  but  the  conditions  for 
forming  such  an  estimate  are  too  unfavourable  to  allow  of  its  being 
put  forward  except  as  a.  theoretical  possibility.  In  the  yale  of 
Taunton,  De  la  Beche  allowed  a  thickness  of  nearly  300  feet  for 
the  Trias ;  but  it  is  plain  that  the  materials  for  forming  an  estimate 
are  equally  wanting  there ;  for  the  vicinity  of  the  district  to  the 
Watchet  and  Wellington  areas,  where  a  very  much  greater  thick- 
ness and  more  variable  composition  are  exhibited,  and  the  uncertainty 
as  to  the  depth  of  the  old  rock  floor  under  Taunton  render  it  pos- 
sible that  the  marls,  superficially  constituting  the  Trias,  may  con- 
ceal beds  of  a  different  character,  of  tho  same  age  as  tho  conglomer- 
ates or  lower  marls  of  the  Watchet  and  South-Devon  area. 

We  can  only  partially  account  for  so  small  an  estimate  of  the 
thickness  of  the  Vale-of-Taunton  Trias  by  assuming  that  the  rocky 
floor  on  which  it  rests  formed,  as  a  ridge  extending  southwards 
from  the  Quantocks,  a  barrier  to  the  incursion  of  Triassic  waters 
during  the  deposition  of  the  breccias,  lower  marls,  and  conglome- 
rates in  the  area  between  Watchet  and  the  south  coast  of  Devon, 
and  during  the  earlier  deposition  of  sandstones  in  the  Bridgewater 
district,  not  finally  coming  within  their  influence  till  the  later 
stages  in  the  deposition  of  the  Upper  Sandstones  of  West  Somerset 
and  Devon.  Even  on  this  assumption,  allowing  a  persistent  dip  of 
3°,  and  estimating  breadth  of  outcrops  from  the  base  of  the  Rhaetic 
beds  north  of  Stoke  St.  Mary  to  the  Quantocks  at  West  Monkton, 
the  resultant  700  feet  can  scarcely  be  considered  excessive. 

Concluding  remarks* 

We  have  hitherto  been  considering  districts  in  which  the  Trias  of 
Somerset  presents  its  simplest  form,  being  mainly  divisible  into  two 
portions,  the  lowermost  of  which  appears  to  be  far  the  least  developed. 

In  the  Mendip  area  we  find : — (1)  Variegated  marls  occasionally 
arenaceous  or  passing  into  sandstones  at  and  near  their  base,  over- 
lying or  dovetailing  into  (2)  Dolomitic  conglomerate,  which  though 
apparently  the  first  deposit  of  Triassic  times  in  the  area,  has,  in 
places,  as  a  marginal  deposit,  oontinued  during  the  entire  deposition 
pf  the  marls. 

In  the  Bridgewater  district,  and  in  the  area  between  Taunton  and  the 
Polden  Hills  (as  far  as  we  can  judgeby  superficial  evidence)  we  find  :— 
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(1),  Variegated  marls  occasionally  containing  arenaceous  beds. 

(2).  Sandstones,  or  rock  sands,  apparently  forming  the  marginal 
deposit,  marking,  with  few  exceptions,  the  first  stages  of  deposition 
in  these  areas,  passing  upwards,  in  places,  by  intercalation  into  the 
overlying  marls,  at  Wembdon  passing  downwards  into  hard  bedded 
breeoio-conglomerate. 

I!  the  Wembdon  breccias  should  prove  persistent  beneath  the  sand- 
stones in  the  Bridgewater  distriot,  a  threefold  division  of  (1)  marl, 
(2)  sandstone,  (3)  breccia,  would  be  necessary,  presenting  some 
slight  affinity  to  the  (1)  marls,  (2)  sandstone,  (3)  dolomitic  con- 
glomerate flanking  Broadfleld  Down  (to  the  north  of  the  Mendips). 

III.  West-Somerset  avd  Devon  Area. 

The  area  now  to  be  treated  of  is  bounded  on  the  north  by  the 
Bristol  Channel,  on  the  south  by  the  English  Channel,  whilst  the 
Quantocks,  Taunton  Yale,  and  the  Blackdown  range  form  a  provi- 
sional boundary  on  the  east;  the  Devonian  and  Culmiferous  highlands, 
stretching  south  from  the  Brendon  Hills,  define  its  western  limits. 

Much  has  already  been  written  about  the  Trias  of  Devon  as 
shown  in  its  greatest  exposure  on  the  south  coast.*  The  whole 
section  has  been  described  by  Mr.  Pengelly,  and  attention  has  been 
specially  directed  to  individual  divisions,  to  the  marls  and  sandstones 
between  Exmouth  and  Straight  Point  by  Mr.  Ormerod,  to  the  Pebble 
beds  of  Budleigh  Salterton  by  the  late  Mr.  Salter  and  my  friend 
Mr.  Vicary  of  Exeter,  to  the  Upper  Sandstones  by  my  friends 
Messrs.  Lavis  and  Whitaker ;  so  that  in  the  following  brief  notice 
my  object  is  rather  to  prove  the  maintenance  over  the  area  under 
consideration  of  the  sequence  observable  in  the  south-coast  section, 
and  to  observe  the  relations  of  the  beds  in  that  section,  than  to 
attempt  any  detailed  account  of  the  lithological  characteristics  of 
separate  divisions.  Inasmuch  as  one  section  of  any  set  of  beds,  be 
it  ever  so  clear,  cannot  be  taken  without  further  research  as  the 
absolute  and  unvarying  type  of  the  whole,  I  propose,  by  the  cor- 
relation of  the  beds  in  four  distinct  parts  of  the  area  and  by  a 
glance  at  the  structure  of  each,  to  endeavour  to  prove  the  persistence 
of  the  south-coast  divisions  throughout  the  area,  and  that  any  hiatus 
is  rather  due  to  concealment  by  faults  or  overlap*  than  to  impersist- 
ence,  and,  whilst  showing  the  difficulties  in  the  way  of  forming  esti- 
mates of  their  thickness  through  the  prevalence  of  faults  repeating 
and  (in  some  cases)  cutting  out  the  beds,  to  attempt  an  approxi- 
mation to  the  thickness  of  the  several  divisions. 

I  made  my  first  acquaintance  with  the  Trias  of  this  area  at 
Wellington,  in  the  year  1871,  and  was  then  led  to  make,  with  one 
exception,  the  same  divisions  as  are  displayed  in  the  South-Devon 
coast.  In  the  year  1872,  the  division  underlying  the  conglomerates 
was  indecisively  indicated;  but  the  discovery  of  its  true  character  in 
the  following  year  necessitated  a  reinvestigation  of  its  boundaries,  in 
doing  which  considerable  light  was  thrown  upon  the  relations  of 

*  By  the  term  overlap  no  unconformity  is  here  meant,  but  the  conceal- 
ment of  lower  beds  by  the  extension,  through  a  progresei?e  subsidence,  of  those 
next  in  time  upon  the  old  rooks. 
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the  other  divisions,  and  the  distinction  between  natural  and  faulted 
boundary-lines  became  apparent. 

In  the  correlation  of  the  divisions  displayed  in  the  south-coast 
section  with  those  inland,  we  should  hardly  expect  to  find  the  same 
identical  lithological  characters  or  identification  tests  throughout.  Nor 
is  this  the  case ;  for,  with  the  exception  of  two  divisions,  both  marls, 
we  find  considerable  local  variations,  distinct  derivation,  and  in  the 
members  of  the  lowest  division,  much  horizontal  change  or  replace- 
ment. 

The  subjoined  is  a  rough  table  of  the  Triassio  beds  in  four  distinct 
and  typical  localities,  between  Watchet  and  the  south  coast  of  Devon*. 


Coast  Sectiok. 

BURLESCOMBE. 

MlLVEBTOX. 

WlLLITOy. 

i 
I.  (Upper)  red   variegated 
marls,  veins  of  gypsum, 
calcareous   in  tipper  and 
middle  beds,  loamy   and 
sometimes    passing    into 
rook-sand  in  Dottom  beds. 

Ditto,  but  no  gypsum 
observable.                | 

Ditto.     Brickpits   in  !  Ditto.       Brickpit    at 
marls    at   Taunton,  |    Blue  Anchor;  gyp- 
and  in  marl  bottom      sum  veins  on  cons*.    ' 
beda  at  Wellington.  1 

!                 ! 

1 
3.   (Upper)  red  sandstones 
and  rock-sand,  in  places 
with  calcareous  nodule*, 
mottled  greyish,  and  con- 
taining bands    and    poc- 
kets of  red  clay ;  aligntly 
conglomeratic  at  about  50 
feet  from  bottom. 

Red  rock-sand,  some- 
times buff  and  grey, 
and  occasionally  con- 
taining    seams     of 
clay. 

Bed    rock-sand   and    Bed,   buff,  and  grey 
sandstone  with  cal-  1    rock-sand  and  sand-  1 
careous   nodules  in  j    stones ;  between  BS-  1 
places,     and     grey      shop's  Lydrard  and  ' 
mottling  in  streaks  J    Williton    very  cavl- 
and  spots.                    ,    careous,    almost     a 

,    marl-stone  in  places. 

1 

3.  Pebble-beds  of  Budleigh 
Salterton,  large  ellipsoidal 
pebbles,  mostly  quarUite 
( foreign  derivation )  in  red- 
sand  matrix,  with  imper- 
sistent  beds  and  bands  of 
rock-sand. 

1 
Small  quarts  pebbles 
in  red-sand  matrix, 
occasional  imperais- 
tent strips  of  sand, 
sometimes   compac- 
ted, with  grit  pebbles 
locally  predominant. 

Conglomerate  of  limestone  grit   and  quarts 
pebbles,  in  hard  sandstone  matrix,    often  • 
thick-bedded.    Near  Whiteball-Hill  tunnel, 
north  of  Burleacombc,  seems  to  be  passing 
into  pebble-beds. 

4.    Bed    variegated    marls 
slightly  calcareous  above, 
loamy  below,  and  contain- 
ing beds  of  sandstone  often 
imperaistent  Briekpitsin 
sou  at  Exmouth. 

Ditto;    structure  not 
observable,  owing  to 
a  thick  loamy  clay 
soil,    in  which    are 
brickpits. 

Ditto,  much  faulted; 
whole  thickness  not 
shown  by  the   out- 
crop. 

Ditto. 

5.                                         c- 
?d 
th 
r- 

ar 

2 

n- 
as 

ts, 
ad 

»r- 
at 

Z 

Either  faulted  out  or 
concealed  by  4.     In 
places  a  little  breccia 
of    shale  fragments 
in   sand  and   dark- 
coloured  sandstones. 
At  Tiverton  breccia 
and  breooio-oonglo- 
merate,    hard -rook- 
sand,   shale  breccia 
in  sand.    At  Brad- 
ninch  gravelly  brec- 
cia of  gritstones  with 
intercalated  beds  of 
red  rock-sand.  Gra- 
vels near  Tiverton,&o. 

Redan d  blackish  rock- 
sand,in  places  slight- 
ly brecciated  in  lines 
of    false-  bedding. 
Near  Wivcliscombe 
hard  breccia,  some- 
times  slightly  con- 
glomeratic, and  red 
sandstones,  red  and 
blackish^rock-sands. 

i 

Breccia     of   angular 
fragments    in     red 
sand;  hard  breccias; 
red     and     blackish 
rock-sand  and  sand- 
stone,    occasionally 
slightly    calcareous. 
Breccias     of    shale 
fragments   in    sand 
ana  loam.                   | 

i 
i 

*  The  relations  of  the  divisions  in  the  coast  section,  Burlesoomhe  district, 
and  the  Williton  neighbourhood  are  shown  in  fip.  1, 2,  and  3  respectively,  the 
sections  accompanying  this  paper.  The  similarity  of  the  Milvorton  and  Wil- 
liton districts  renders  a  section  illustrative  of  the  former  unnecessary. 
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Bx- 

ncmth.    Kiln. 


Highland  Straight 

of  Oroomb.  Point. 


Numerona  faults  affecting  inter- 
calated marl  and  sandstone  beds. 


Stream. 


Fault. 


aches  to  a  mile.) 


W.  16°  W. 


B.  15°  8. 
Blaokdown  HOla. 


i    * 


Gravelly  Trial 


W.  12°  B. 


T< 


rly  2  inches  to  a  mile.) 


B.  12°  H. 
Quantock  Hills 


a.  CIaj 
atom 


Chalk.' 
Upper  » 


b. 


Limestone. 
Shales  and  Grits, 
and  Shales, 
xestones. 


o.  Greenstone. 

*  Bed  clay,  probably  belonging  to 
the  lowest  Triassic  series. 


Digitized 


by  Google 


Digitized  by  VjOOQ IC 


B0CK8  OF  SOMERSET  A3D  DEVON.  379 

Here,  then,  we  have  five  distinct  and  mappable  divisions  of  the  Trias, 
occupying  an  area  of  about  500  square  miles — that  is,  between 
Watchet  and  Minehead  on  the  north  and  Paignton  and  Axmouth 
on  the  south,  and  between  Durston  on  the  east  and  Wiveliscombe 
on  the  west.  Of  this  area,  however,  the  only  member  of  the 
Trias  of  Devon  and  Somerset  that  we  can  speak  confidently  about, 
regarding  persistence,  viz.  the  Upper  Marls,  occupies  about  a  half. 
"Whether  borings  made  at  Taunton  or  Axmouth  would  cut  through 
all  the  other  divisions  in  vertical  succession,  beneath  the  Upper 
Marls,  or  subsidence  over  the  whole  area  proceeded  unequally,  so 
that  the  other  divisions  were  local,  and  conformably  overlain  in  some 
places,  and  overlapped  in  others,  by  the  marls  resting  on  the  older 
rocks,  as  we  proceed  eastwards,  is  entirely  conjectural. 

We  will  now  treat  briefly  of  each  division  in  descending  order, 
beginning  with 

The  Upper  Marls. 

These,  from  their  outcrop  beneath  the  Penarth,  or  Rhaetic  beds, 
cover  a  larger  area,  superficially,  than  any  other  member  of  tho 
series.  Between  Durston  and  Langport,  East  Ninehcad  (north 
of  Wellington),  and  the  lias  plateau  of  Hatch  Beauchamp,  Sidmouth 
and  Axmouth,  they  extend,  concealed  by  the  overlapping  Upper 
Greensands  of  the  Black  Downs,  over  many  places  between  Taunton 
and  the  coast. 

They  consist  of  red  marls,  variegated  greenish  grey,  sometimes 
with  slightly  bluish  bands  in  their  upper  portions — locally,  as  at 
Dumpdon,  north  of  Honiton,  greenish  grey,  mottled  red.  In  tho 
coast  sections  of  Watchet  and  South  Devon  they  are  intersected, 
in  places,  by  numerous  gypseous  veins;  occasionally,  as  on  tho 
coast*  west  of  Sidmonth,  potato-stones  are  to  be  found  in  them. 
In  the  coast  section,  in  their  lower  beds,  we  find  them  retaining 
their  marly  structure,  but  losing  their  calcareous  nature,  and  in  the 
beds  immediately  overlying  the  sandstones,  in  places,  almost  passing 
into  rock-sand ;  in  the  cuttings  north  of  Sidmouth,  on  tho  branch 
line,  a  thick  bed  or  two  of  sandstone  occurs  in  them  near  their 
junction  with  the  underlying  sandstones.  Many  disused  marl-pits 
are  to  be  met  with  over  the  area  they  cover. 

Thickness. — In  estimating  the  thickness  of  these  beds  we  cannot 
take  a  persistent  dip  across  the  wide  area  they  cover,  ignoring 
probable  undulations  and  faults;  this  would  give  an  enormous 
thickness,  in  excess  even  of  that  which  we  should  infer  from  their 
exposure  on  the  coast,  where  we  have  a  distance  of  about  8  miles 
between  their  outcrop  south  of  Axmouth  and  the  mouth  of  tho 
river  Sid,  where  they  overlie  tho  sandstones.  In  this  distance  their 
continuity  is  broken  by  a  large  fault  at  WhiteelifF,  near  Seaton.  A 
considerable  allowance  must  be  made  for  the  synclinal  trough  which 

*  Pseudomorphs  of  rock-salt  crystals  have  been  obtained  between  Peak  and 
High-Peak  Hills  and  near  Saloombe  mouth  in  the  coast-section  marls  by  Mr. 
Orraerod,  the  author,  and  others. 
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lets  down  the  Chalk  and  Upper  Greenland,  between  Whitecliff  and 
Branscombe  Month.  In  assigning  a  dip  of  8°,  persistent  over 
an  area  of  5  miles,  allowing  a  deduction  of  3  miles  for  the  synclinal 
at  Beer,  &c,  we  are  scarcely  making  an  underestimate.  This  would 
give  a  thickness  of  about  1350  feet.  I  do  not  think  they  exceed 
1000  feet  farther  inland. 

The  lower  beds,  sandy  marls,  lead  us  by  an  easy  conformable 
passage  to  the  consideration  of  the  next  member  of  the  group* 

The  Upper  Sandstones. 

These  consist  of  sandstones  and  rock-sands,  red  in  the  coast 
section ;  generally  red  but  often  yellowish,  buff  and  grey,  resembling 
the  Upper  Greensand  in  colour  in  the  interior ;  locally  mottled  grey, 
in  spots  and  streaks  as  at  Ninehead,  near  Wellington ;  containing 
pockets  of  red  clay  in  parts  of  the  coast  section,  and  in  the  railway- 
cuttings  north  of  Sidmouth  lenticular  bands  of  marl  in  the  top  beds, 
and  near  Milverton  and  Wellington  beds  of  day  in   their  lower 

portiODS  (=»WATBRSTONE8). 

At  Otterton  Point  they  contain  two  or  three  conglomeratic  beds, 
and  a  few  pebbles  in  false-bedding  lines,  also  observable  near 
Harpford,  5  miles  north  of  the  Point. 

Calcareous  nodules,  and  veins  and  nodules  of  ironstone  occur  in 
them  on  the  coast,  and  in  many  localities  inland.  Between  Crow- 
combe-Heathfield  station  (south  of  Watchet)  and  Bishops  Lydeard 
these  beds  become  exceedingly  calcareous;  about  the  middle  of 
the  division  tbey  present  a  nubbly  appearance  and  bluish  grey  colour 
with  occasional  red  spots,  and  might  locally  be  almost  considered 
a  limestone.  From  a  minute  investigation  of  the  Watchet  district, 
my  colleague,  Mr.  Blake,  suggested  the  possibility  of  these  marlstone 
beds  representing  a  portion  of  the  hitherto  unfound  Muschelkalk ; 
but  from  an  acquaintance  with  the  whole  area  where  the  Upper 
Sandstones  are  present,  I  can  only  regard  the  local  variation  the 
beds  here  assume  as  an  intensified  form  of  the  calcareous  bands 
and  nodules  to  be  met  with  in  many  places  between  Bishops  Lydeard 
and  the  south  coast. 

The  discovery  of  organic  remains  in  the  South-Devon  and  West- 
Somerset  Trias  seems  to  be  confined  to  this  division,  the  respective 
finds  of  my  friends  Messrs.  Lavis  and  Whitaker  being  in  its  upper 
and  lower  beds. 

A  conglomeratic  bed  occurs  in  the  sandstone  at  Ninehead  (near 
Wellington),  but  apparently  much  higher  up  than  the  beds  of 
Otterton  Point.  The  Otterton  beds  were  observed  and  commented 
on  by  Mr.  Pengelly  and  many  other  able  observers  long  before  I 
knew  of  their  existence,  and  have  become  of  peculiar  interest  as  the 
site  of  the  Hyperodapedon  found  by  Mr.  Whitaker. 

On  Woodbury  Common,  north  of  Exmouth,  the  rock-sands  very 
much  resemble  Greensand  in  colour,  and  in  the  older  Survey  map 
have  been  mistaken  for  it. 

These  sandstones  frequently  exhibit  false-bedding. 
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EocUnt. — With  one  exception  south  of  Williton,  where  these  beds 
are  faulted  out,  they  run  with  an  average  breadth  of  outcrop  of  1£ 
mile,  between  Williton  and  Otterton  Point,  a  distance  of  over  30 
miles :  in  sheet  22  of  the  Ordnance  map,  north  of  Otterton  Point 
their  breath  of  outcrop  appears  to  be  from  3  to  4  miles ;  but  this  is 
probably  due  to  repetition  by  faults. 

Economic  Uses. — At  Watt's  Bridge,  near  Bishops  Lydeard,  some 
hard  thick-bedded  sandstones,  used  for  building-purposes,  occur  in 
this  division.  Between  Bishops  Lydeard  and  Crowcombe  the 
calcareous  sandstones  are  largely  quarried  to  burn  for  lime. 

Thickness. — In  estimating  the  thickness  of  these  beds  we  cannot 
allow  more  than  a  mile  and  a  half  of  outcrop,  north  of  Ottery  St. 
Mary,  which,  with  a  dip  of  3°  persistent,  would  give  a  thickness 
of  about  400  feet.  If  we  take  the  coast  section,  it  is  plain  that  an 
estimate  made  at  right  angles  to  the  strike,  measuring  outcrop  from 
their  junction  with  the  last  capping  of  marl  (supposing  the  absence 
of  disturbances)  to  the  outcrop  of  the  pebble-beds  of  Budleigh 
Salterton,  would  give  the  true  thickness. 

Estimates  have  been  previously  made  ignoring  any  disturbances 
in  these  rocks  as  displayed  on  the  South-Devon  coast,  on  the  ground 
that  the  beds  cut  out  by  faults,  would  balance  those  repeated :  a 
glance  at  the  section  of  these  sandstones  made  from  close  observa- 
tion of  the  coast  will,  at  least  as  far  as  this  division  is  concerned, 
show  the  fallacy  of  this  reasoning.  The  fault  at  Chit  Rock  brings 
down  about  200  or  300  feet  of  Upper  Marls — the  same  sandstones 
there  cut  off  appearing  again  at  the  base  of  the  cliff  south  of  Peak 
House,  and  again  outcropping  on  the  surface  south  of  High  Peak, 
but  not  finally,  as  a  fault  with  a  downthrow  of  about  50  feet  again 
brings  down  Upper  Marl  a  little  to  the  north  of  the  Preventive 
Station  at  Ladram  Bay.  About  80  yards  further  south  the  first 
cutting-out  fault  occurs,  which  disposes  of  about  5  feet  of  marl ; 
but  this  is  more  than  counteracted  by  another  fault  not  80  yards 
further  south,  which  throws  down  about  14  feet  of  marl,  the  sand- 
stone finally  emerging  from  the  last  capping  half  a  mile  south  of  the 
road  to  the  beach,  at  Ladram.  Even  from  this  point  we  cannot 
take  the  coast  section,  as  it  frequently  represents  the  strike  of  the 
beds,  and  in  many  places  they  appear  perfectly  horizontal,  whilst 
in  one  place,  as  may  be  seen  in  the  section,  either  a  fault  or  a 
crack  (I  have  not  yet  succeeded  in  ascertaining  which)  by  inland 
evidence  occurs.  So,  allowing  the  coast-section  sandstones  an  out- 
crop of  2|  miles,  and  a  persistent  dip  of  2°,  we  have  a  thickness  of 
about  530  feet — if  any  thing,  an  excessive  estimate. 

Both  from  a  better  acquaintance  with  these  beds  as  shown  on 
the  coast,  and  to  point  out  a  few  of  the  difficulties  in  the  way  of 
estimating  the  thickness  of  the  divisions,  even  where  the  relations 
between  the  under  and  overlying  members  are  observable,  I  have 
gone  into  their  occurrence  in  the  coast  sections  at  greater  length. 

The  traces  of  conglomerate  at  Otterton  Point  may  be  considered 
indicative  of  a  passage  into  the  next  series — 
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The  Pebble-beds  of  BucUeigh  Salterton  and  of  Burlescombs*  and  the 
Conglomerates  of  Milverton. 

This  division  affords  3  distinct  lithological  types,  passing  from  one 
to  the  other,  I  believe  horizontally ;  but,  owing  to  this  being  the 
thinnest  member  of  the  Trias  of  Devon  and  Somerset,  it  is  the  most 
affected  by  faults,  so  that  the  changes  in  composition  cannot  be 
always  traced. 

We  will  commence  with  the  coast,  as  the  conglomerate  in  the 
Williton  district  is  so  much  faulted  where  present  and  so  often  ab- 
sent, owing  to  the  same  cause,  as  well  as  so  similar  to  that  of 
Milverton  and  Wiveliscombe,  that  it  would  form  a  bad  starting- 
point. 

The  following  are  general  characteristics  of  all  three  types — well- 
worn  nature  of  contained  fragments,  impersistent  strips  and  beds  of 
rock-sand  and  sandstone  intercalated,  and  general  thickness  of 
beds. 

At  Budleigh  Salterton  the  pebble-beds  form,  for  nearly  20  chains, 
the  substratum  of  the  beach,  dipping  conformably  under  the  Upper 
Sandstones  and  overlying  Marls  which  dip  towards  the  north-east  at 
an  angle  of  5°.    They  consist  of  about  100  feet  of  large  ellipsoidal 
quartzite  pebbles  of  foreign  derivation  (as  far  as  at  present  known)* 
in  red  sand,  and  containing  impersistent  strips  and  beds  of  rock- 
sand.      As  far  as  I  have  yet  seen,  the  quartzite  pebbles  seem  to 
give  way  gradually  to  grit  and  quartz,  and  to  become  'smaller 
north  of  Aylesbere  Hill,  between  Whimple  and  Ottery  St.  Mary. 
Between  Tallaton  and  Uffculm,  though  the   feature  is  generally 
persistent,  the  pebble-beds  are  present  only  at  intervals  along  the 
line  of  feature,  but  sufficiently  close  to  justify  me  in  considering 
their  absence  due  to  faults.    Thus  they  are  shown  at  Blue  Anchor, 
Higher  Tale,  Gist,  William's  Cross,  Kentisbere,  Pirzwell,  Higher 
South  Hill,  and  Bull  Moor,  near  Uffculm.     In  most  of  these  patches 
the  pebbles  are  smaller  than  those  south  of  Tallaton.     At  Uffculm 
and  Uffculm  Down  they  consist  of  pebbles  of  grit  and  quartz  (in 
some  places  compacted  by  ironstone  into  comparatively  hard  beds), 
in  a  red-sand  matrix,  and  containing  strips  of  sand.   At  Burlescombe 
they  exhibit  the  appearance   of  a  loose  gravel  of  small  quartz 
pebbles  in  sand.      Between  Uffculm  and  Whitehall  Hill  their  ab- 
sence in  one  or  two  places  is  manifestly  duo  to  faults.     Near  Thorn 
St.  Margaret,  they  appear  to  be  passing  into  a  hard  rock,  but  the 
immediate  change   into  the  conglomerates,  faulted  against  them, 
cannot  be  observed.    The  conglomerates  of  Thorn  St.  Margaret, 
Milverton,  Castle  Hill,  near  Wiveliscombe,  Combe  Florey,  &o.  con- 
tain pebbles  (generally  large)  of  limestone  and  Old  Red  Sandstone, 
and  smaller  ones  of  quartz  (the  limestone  pebbles  being  in  excess 
of  or  less    than  the  others  in  different  places)  in   a  matrix  of 
hard  red  sandstone,   generally  slightly  calcareous.     The  beds  are 
generally  massive;  but  those  at  the  top  of  sections  often  appear 
much  thinner  than  the  rest.     Subangular  fragments  of  grit  and 

*  Mr.  Peach  advocates  their  derivation  from  certain  quartiites  in  Cornwall. 
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quartz  sometimes  occur  in  the  matrix,  and  give  the  hods  the  slightly 
hybrid  character  of  a  breccio-conglomerate,  as  at  Yellow  near 
Stogumber. 

It  is  possible  that  the  thick-bedded  breccias  of  Wembdon,  overlain 
as  they  are  by  sandstones,  and  containing  intercalated  beds  of 
sandstone,  may  prove  to  be  the  representative  of  the  conglomerate 
division  in  the  Bridgewater  area. 

Thickness. — As  the  conglomerates  and  pebble-beds  seldom  exceed 
100  feet  in  thickness,  and  both  contain  intercalated  beds  of  sand- 
stone, so  that  in  some  places  a  section  might  display  more  sand- 
stone than  conglomerate,  it  is  probable  that  the  local  absence  of 
this  division  may  be  dne  to  replacement,  and  the  sandstone  beds 
traced  from  Otterton  Point  (between  the  conglomeratic  bed  there 
and  the  pebble-beds)  pass  into  conglomerate  in  other  parts  of  the 
district. 

Mr.  Pengelly  noticed  the  feature  made  by  the  pebble-beds  of 
Budleigh  Salterton,  being  the  line  of  hills  running  thence  to 
Tallaton.  In  tracing  the  conglomerates  from  Wellington  south- 
wards, I  found  that  feature  maintained,  even  where  the  beds  them- 
selves were  absent,  indicating  a  fault  junction  between  Upper 
Sandstone  and  Lower  Marls. 

Economic  Uses. — The  pebble-beds  of  Uffculm  and  Burlescombe 
are  quarried  for  gravel*.  The  conglomerates  of  Milverton,  between 
Thorn  St.  Margaret  and  Alcombe,  near  Minehead,  are  quarried  out 
for  building-purposes,  but  more  often  for  the  sake  of  the  contained 
limestone  pebbles  to  burn  for  lime. 

I  have  not  found  seams  of  clay  in  either  the  conglomeratesf  or 
the  pebble-beds.  In  one  instance  (east  of  Whimple)  at  Straightway^ 
Head,  I  was  informed  that  they  had  worked  out  a  bed  of  clay  in 
excavating  the  gravel. 

In  mapping  the  conglomerates  west  of  Milverton  I  noticed  clay, 
but  concluded  it  was  merely  a  soil  or  beds  in  the  conglomerate. 
Near  Tiverton  Junction,  however,  the  extent  of  ground  it  occupied 
led  me  to  a  better  understanding ;  but  it  was  not  till  the  summer  of 
1873,  in  making  a  rapid  survey  of  the  coast  section,  that  I  recog- 
nized the  true  nature  of  the  loamy  clays  in 

The  Second  Series  of  Marls. 

Underlying  the  pebble-beds  conformably,  we  find  red  marls,  varie- 
gated greenish  grey  in  bands,  and  slightly  calcareous  in  the  upper 
beds.  They  seem  to  continue  only  for  |  mile  from  their  outcrop, 
under  the  pebble-beds  on  the  top  of  the  cliffs,  in  unbroken  succession, 

*  P.  O.  Hutchinson,  Esq.,  of  Sidmouth,  informs  me  that  manganese  was 
worked  in  the  pebble-beds  at  Yattington  (or  Yettington),  a  hamlet  to  the 
north  of  Budleigh.    In  sheet  22  of  the  Ordnance  map, 

t  Except  where  the  base  of  the  overlying  sandstones  consists  of  intercalated 
beds  of  clay  and  sandstone,  when  the  top  beds  of  conglomerate  may  ocour  in 
or  with  clay. 

I  Straightway  Farm  is  called  by  the  inhabitants  Straightgate  Farm. 

Q.  J.  G.  8.  No.  128.  2  b 
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and  for  1  \  mile  along  the  beach,  but  long  enough  to  expose  all  the 
homogeneous  portion  of  the  deposit  in  the  coast  section.  South  of 
Westdown  Farm  some  grey  sandy  beds  begin  to  emerge  on  the 
beach;  but  a  fault  throws  them  against  coarse  red  and  greyish 
sandstones,  of  which,  with  a  capping  of  marl,  Straight  Point  consists. 
Beds  of  clay  occur  in  these  sandstones,  which  may  either  be  the 
beds  under  the  grey  bed  on  the  beach  before  alluded  to,  faulted  up 
(in  which  case  they  would  probably  be  beds  of  sandstone  in  the  marl), 
or  lower  sandstones.  The  Lower  Marls  contain  many  beds  of  sand- 
stone frequently  im persistent  in  their  lower  portion.  These  are  only 
mappable  as  far  as  Woodbury,  owing  to  a  thick  loamy  clay  soil  which 
effectually  conceals  the  marly  structure  as  well  as  any  changes  the 
deposit  may  undergo.  From  Straight  Point  to  Exmouth  numerous 
faults  obscure  the  relations  of  the  beds  affected  by  them* ;  I  hare 
noticed  nine  of  these.  The  relations  of  the  marls  are  still  further 
obscured  by  the  last  fault  at  Exmouth,  which  brings  up  the  lower 
divisions  and  not  even  the  upper  beds  of  that. 

Between  Straight  Point  and  Exmouth  the  principal  difficulty  con- 
sists in  the  position  to  which  we  assign  the  faulted  sandstone*. 
Some  of  them  are  undoubtedly  beds  in  the  marls,  and  as  such 
indicate  a  passage  into  the  lower  series ;  but  the  sandstones  of 
Straight  Point,  near  littleham,  Withecombe,  and  Lympstone  might 
well  be  taken  as  belonging  to  the  lower  division  of  sandstones, 
underlying  the  Lower  Marls,  and  overlying  the  breccias  of  Heavitree, 
east  of  Exeter,  and  the  breccia  at  Dawlish. 

The  Lower  Marls  occupy  a  considerable  area,  with  an  average 
breadth  of  2  miles  between  Exmouth  and  Burlescombe.  They  lie 
on  the  slopes  and  low  ground  below  the  pebble-bed  feature ;  but, 
owing  to  the  thick  loamy  clay  soil  concealing  them,  it  is  difficult 
either  to  obtain  dips  or  to  trace  faults,  except  by  inference,  in  them. 
This  loamy  soil  may  be  in  a  measure  due  to  washes  of  sand  from 
the  feature  above,  whilst  the  superficial  portions  of  the  marl  were 
redeposited  by  the  former  streams  that  assisted  in  the  excavation  of 
the  valley  of  the  Culm. 

Where  the  valleys  are  broad,  as  in  the  Yale  of  Taunton,  and 
between  Topsham  and  Exmouth,  I  have  not  found  much  difficulty  in 
observing  the  structure  of  the  Upper  or  Lower  Marls.  Between 
Burlescombe  and  Castle  Hill,  near  Wiveliscombe,  the  Lower  Marls  are 
much  cut  up  by  faults  throwing  them  against  conglomerate  and 
Lower  Sandstone,  and  near  Westford,  west  of  Wellington  against 
Upper  Sandstones.  Northey  Farm,  near  Fitzhead,  north  of  Welling- 
ton, is  the  only  instance  in  which  they  are  altogether  absent  between 
Stoguraber  and  Exmouth.  This  had  been  mapped  by  my  colleague 
Mr.  H.  B.  Woodward  before  we  recognized  this  division  at  all ;  and 
the  faults  drawn  by  him  in  that  instance,  and  in  a  few  square  miles 
he  had  mapped  in  the  vicinity,  amply  account  for  the  absence  of  the 
marls  at  Northey  Farm,  and  are  not  susceptible  of  correction. 
Between  this  farm  and  Bickuoller  (near  Williton)  the  Lower  Marls 

*  Mark  with  becb  of  eandstono,  and  rancbtonee  with  bed*  of  marl. 
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are  faulted  against  breccia  (lowest  series),  Conglomerates,  Upper 
Sandstones,  and  Upper  Marls. 

Economic  Uses. — The  loamy  clay  soil  affords  material  for  brick- 
making.  The  continuity  of  this  division  might  almost  be  proved 
by  the  numerous  brick-pits  in  its  soil  between  Burlescombe  and 
the  coast,  as  in  Leonard  Moor,  north  of  Tiverton  Junction,  east  of 
Collumpton,  disk  Hydon,  near  Exmouth,  north  of  Burlescombe,  at 
Cutcomb  Farm  east  of  Wiveliscombe.  South  of  Williton,  a  thick 
drift-gravel  often  conceals  the  second  marls. 

Thickness. — We  have  now  to  consider  the  slender  evidence  pro- 
curable to  assist  us  in  arriving  at  an  approximate  estimate  of  the 
thickness  of  this  division.  If  we  could  take  the  bed  of  grey  sand- 
stone on  the  north  side  of  the  fault,  south-east  of  Westdown  Farm, 
as  the  top  bed  of  the  Lower  Sandstones,  the  breadth  of  outcrop*, 
allowing  a  persistent  dip  of  5°,  would  give  a  thickness  of  530  feet. 
600  feet  is  the  utmost  I  should  be  inclined  to  allow  for  the  whole 
division  inland. 

If  the  sandstones  of  Straight  Point  are  beds  in  the  Marl,  indi- 
cating a  local  passage  into  the  Lower  Sandstones,  and  do  not 
represent  the  upper  portion  of  the  Lower  Sandstones  themselves, 
they  can  scarcely  add  more  than  300  feet  to  the  thickness  of  the 
Lower  Marls  in  this  part  of  the  district,  giving  a  total  thickness  of 
830  feet. 

Unfortunately,  inland  we  have  no  better  data  to  go  upon,  as,  in 
the  cases  where  the  relation  between  the  marls  and  their  over-  and 
underlying  beds  are  observable,  their  own  structure  is  concealed. 
Allowing  the  average  breadth  of  areat  they  cover  as  the  breadth  of 
outcrop,  with  a  dip  of  2°  persistent,  their  thickness  would  be  about 
360  to  400  feet. 

The  intercalations  of  sandstones  with  the  marls  on  the  east  of 
of  Exmouth  seem  to  indicate  a  passage  into  the  upper  member  of 
the  lowest  division  in  South  Devon. 

Lowest  Division. 

In  considering  this  division  (so  far  as  we  know,  the  lowest,  and 
certainly  the  most  varied  member)  of  the  Devonshire  Trias  we  must 
treat  the  constituent  parts,  locally  and  lithologically,  according  as 
they  are  represented  by  (lower)  sandstones,  hard  breccias,  breccio- 
conglomerates,  brecciated  sands,  brecciated  loamy  days,  or  clays. 
In  so  doing  it  must  not  be  implied  that  beds  in  different  localities, 
of  the  same  lithological  character  and  composition,  are  either  con- 
temporaneous or  occupy  the  same  position  in  the  division. 

Where  present,  in  the  area  between  Minehead  and  the  south 
coast,  these  beds  present  many  different  phases,  occurring  as  sand- 
stones and  sands,  brecciated  sands  and  sandstones,  gravelly  breccias 
(conglomeratic)  clays,  often  brecciated  with  shale-fragments,  sand- 
stones, and  sands  which  occur  intercalated  at  any  horizon*    Gene- 

*  14  mile. 

t  About  2  miles,  t.  «.  varying  from  1  to  3. 
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rally  in  the  southern  part  of  the  area  sandstone  seems  to  be  the 
upper  variety,  faulted  oat  at  Exmouth*,  but  appearing  immediately 
north  of  it,  and  probably  occupying  the  bed  of  the  Exe  as  far  as 
Topeham,  where  it  is  developed.  Between  Topaham  and  8flverton 
it  coven  a  considerable  area  with  an  average  breadth  of  about  two 
miles.  It  probably  conceals  other  varieties  of  the  division  at  Polti- 
more.  Between  Heavitree  and  Honitons  Gist  (east  of  Exeter)  these 
sandstones  appear  to  dip  with  the  ground,  and  to  contain  traces  of 
clay.  Owing  to  the  sudden  changes  the  members  of  this  division 
present,  it  is  almost  impossible  to  say  whether  the  absence  of  Lower 
Sandstones  about  Bradninch  is  due  to  replacement  by  breccia,  or 
whether  their  development  north  of  Collumpton  is  due  to  the  con- 
cealment of  lower  beds  of  different  character,  or  to  change  from 
breccias. 

Due  east  of  Burlescombe  the  whole  division  is  either  cencealed  by 
Lower  Marls,  faulted  out,  or  represented  by  clay-beds.  Traces  of 
the  sandstones  (Lower)  occur  at  Ford  Place  and  near  Whipcoata. 
West  of  Thorn  Bt.  Margaret  the  Lower  Sandstones  either  conceal 
or  represent  all  the  lower  varieties  of  the  lower  division ;  for  their 
junction  with  the  Lower  Marls  is  a  faulted  one,  as  also  north  and 
east  of  Thorn  St.  Margaret,  where  they  are  let  in  by  faults.  Be- 
tween Thorn  St.  Margaret  and  Wiveliscombe  the  visible  part  of  the 
lower  division  is  chiefly  represented  by  sandstones,  faulted  against 
the  Devonian  at  Horridge  Down,  south  of  Wiveliscombe  (fault  shown 
in  the  railway-cutting). 

It  is  very  likely  that  north  of  Burlescombe  these  sandstones  repre- 
sent the  middle  or  lower  beds  of  the  division,  and  not  the  upper  part, 
as  at  Honiton's  Gist  and  Broadclist.  A  large  east-and-west  fault  from 
Grant's  Farm,  north  of  Wiveliscombe,  shifts  the  position  of  all  the 
divisions  on  the  north  side  of  it  eastwards ;  so  that  we  find  sand- 
stones and  breccias  of  the  Lower  Series  faulted  against  Upper  Sand- 
stones, and  Conglomerates  and  Upper  Sandstones  against  Upper  Marls. 
From  this  fault  to  Washford  (near  Williton)  the  lower  division  is 
well  developed.  It  is  much  faulted  north  of  Stogumber.  In  this 
district  sandstones  generally  occur  intercalated  with  breccias ;  but, 
where  separable,  are  found  to  underlie  them. 

From  a  point  between  Bilbrook  and  Roadwater,  to  Dunster,  marls 
generally  conceal  the  sandstone,  which  is  shown  at  Withycombe  and 
Dunster  Park.  I  am  inclined  to  consider  these  last  belonging  to 
the  Upper  divisions,  and  the  absence  of  the  rest  of  the  series  due 
both  to  numerous  faults  and  overlap ;  but  this  is  only  a  supposition, 
based  on  lithological  affinities  which  are  not  always  trustworthy. 

From  Dunster  to  Minehead  sandstones  occur  in  the  Lower  division, 
where  it  is  thrown  up  by  faults.  Between  Bratton  and  Selworthy, 
west  of  Minehead,  sandstones  with  intercalated  beds  of  breccia, 
which  Mr.  H.  B.  Woodward  concurs  with  me  in  referring  to  the 
Lower  series,  occur.  South-west  of  Orabbist  Hill  a  thin  fringe  of 
sandstones  and  intercalated  breccias  occurs,  probably  overlapped 

*  At  Dawlish  red  sandstones  oyerlie  the  breccia,  and  are  apparently  brought 
down  by  successive  step-life  faults  between  Langstone  Point  and  Dawlish. 
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and  to  a  great  extent  concealed  by  Lower  Marls,  as,  between  the 
western  extremity  of  Grabbist  Hill  and  Horner  (south-east  of  Por- 
lock)  the  Lower  series  is  developed  principally  in  the  form  of  breccia. 
South  and  west  of  Luckham  sandstones  occur  either  resting  on  or 
faulted  against  the  older  rocks. 

Character  of  Lower  Sandstones. — These  beds  consist  of  red-rock 
sands  and  hard  sandstones,  and  differ  from  the  Upper  division  in 
being  almost  uniformly  red.  They  are  stained  blackish  at  Lower 
Welshford,  near  Thorn  St.  Margaret,  near  Gaulden  Farm,  south  of 
Tolland,  and  in  the  neighbourhood  of  Luckham  ;  though  sometimes 
slightly  calcareous,  the  network  of  concretionary  veins  and  the 
calcareous  nodules,  often  locally  distinctive  of  the  Upper  Sandstones, 
are  generally  wanting*.  They  are  also  found  passing  into,  inter- 
calated with,  and  containing  seams  and  beds  of  breccia,  and  at 
Bradninch  associated  inseparably  with  a  gravelly  breccio-conglo- 
merate.  In  distinguishing  them  from  the  Upper  Sandstones  by 
colour  I  should  have  made  a  notable  local  exception  in  the  light- 
coloured  and  banded  sands  and  sandstones  of  Torbay.  The  Lower 
Sandstones,  where  the  Lower  division  is  developed,  are  found  over 
the  area  treated  of  to  occur  at  almost  any  horizon  with  reference  to 
the  other  varieties,  and  also  inseparably  associated  with  them. 

Breccias. 

In  describing  the  different  purely  lithological  varieties  of  breccia 
we  will  first  consider  the  apparently  uppermost  form  exhibited 
in  the  coast-section.  In  the  Shrubbery  at  Exmouth  we  find 
red  sandstones  brecciated  with  numerous  angular  grit-fragments, 
generally  of  a  uniform  size;  the  same  general  character  is  dis- 
played by  the  breccias  of  Langs  tone  Point  and  Dawlish,  and,  in  a 
less  degree,  by  breccia  at  the  Docks  in  Exeter  t.  North  of  Exeter 
in  many  places  brecciated  rock-sands  and  sandstones  occur,  differing 
from  the  Dawlish  breccias  either  by  the  fragments  contained  being 
closer  and  the  matrix  more  impure,  as  shown  in  some  of  the  rails- 
way-cuttings  north  of  Stogumber,  by  a  difference  in  the  material, 
as  displayed  in  the  breccias  containing  shale  and  grit-fragments 
resting  on  Culm-measures  on  the  north  of  the  Tiverton  Valley,  or  by 
resemblance  to  a  gravel  in  containing  rounded  as  well  as  angular  and 
subangular  fragments  close  together  and  of  various  sizes,  as  in  the 
neighbourhood  of  Bradninch  and  Koundham  Head,  near  Paignton, 

*  I  have  hitherto  failed  to  detect  the  presence  of  gypsum  in  the  Lower 
Marls ;  though  it  is  possible  that  marls  containing  Teins  of  gypsum  near  Withy- 
combe  (Wilfiton  district)  may  belong  to  this  division,  I  am  inclined  upon  other 
grounds  to  ascribe  them  to  the  Upper-Marl  division. 

t  Fragments  of  igneous  rocks  are  numerous  in  the  Teignmouth  and  Dawlish 
breccias ;  and  in  parts  of  the  Crediton  valley  the  breccia  w  almost  wholly  made 
up  of  them. 

Murohisonite  is  most  plentiful  in  the  breccia  south  of  Exeter  and  in  the 
Crediton  valley.  The  crystals  when  found  singly,  as  is  often  the  case  in  the 
last-named  locality,  exhibit  signs  of  attrition  on  their  edges. 

So  far  as  I  am  aware,  few,  if  any,  fragments  of  igneous  origin  are  found  in 
the  conglomerate  and  pebble-bed  division 
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on  the  coast.  The  gravelly  breccias  in  the  vicinity  of  Tiverton,  Col- 
lampion,  and  Cadbury,  near  Crediton  exhibit  a  matrix  of  brown 
earthy  sand  in  which  the  fragments  are  often  loose. 

Hard  Breccias. — Between  Clerk  Bock,  north  of  Teignmouth,  and 
St.  Mary's  church  the  coast-section  exhibits  hard  breccias,  often  very 
thickly  budded,  readily  distinguishable  from  the  Dawlish  variety  by 
their  presenting  all  the  characteristics  of  a  hard  rock  in  which  matrix 
and  contents  are  weathered  alike,  and  not  like  the  Dawlish  breccias, 
from  the  weathered  surfaces  of  which  the  fragments  stand  oat,  being 
much  more  indestructible  than  the  matrix.  The  stones  contained 
in  the  Teignmouth  breccias  are  of  all  sizes,  from  boulders  as  large  as 
a  man's  head  to  pebbles  the  size  of  a  pea,  and  exhibit  a  much  greater 
variety  of  derivation  than  the  rocks  of  Dawlish ;  they  also  show  a 
various  amount  of  attrition,  from  perfectly  unworn  fragments  to 
rounded  boulders.  The  contained  fragments  consist  of  Devonian 
grit,  granite,  trap,  quartz,  and  limestone  rocks,  in  varying  propor- 
tions, Devonian-grit  stones  being  in  considerable  majority,  limestone 
fragments  occurring  locally.  The  matrix  consists  of  hard  reddish 
sandstone,  often  coarse-grained.  Inland  the  breccias  of  Heavitree, 
east  of  Exeter,  and  of  Sampford  Pcverell  exhibit  some  resemblance 
to  those  of  Teignmouth :  the  contained  fragments  are  angular  and 
subangular,  smaller  than  the  average  of  those  on  the  coast;  and 
limestone  is  absent  in  the  former.  At  Halberton  and  Sampford 
Peverell,  at  the  mouth  of  the  Tiverton  valley,  hard-bedded  breccias 
occur,  containing  fragments  of  culm  grit,  limestone,  and  quartz ; 
north  of  Sampford  Peverell  these  beds  present  the  appearance  of  a 
conglomerate. 

At  Canon  Leigh,  near  West  Leigh,  a  few  beds  of  hard  breccia  are 
visible,  faulted  against  culm  limestones ;  east  of  Bathealton,  south  of 
Wiveliscombe,  they  dip  over  Lower  Sandstones,  and  are  cut  out  by  a 
fault  bringing  up  Lower  Marls.  North  and  north-east  of  Wivelis- 
combe breccias  occupy  high  ground,  dipping  over  Lower  Sandstones, 
and  at  Castle  Hill  faulted  against  Lower  Marls;  here  they  contain 
rounded  fragments  and  are  not  thick-bedded. 

Between  the  great  fault  north  of  Fitzhead  (near  Wiveliscombe)  and 
Lydeard  St.  Lawrence  the  beds  present  more  the  appearance  of  a 
•  conglomerate  than  a  breccia,  containing  pebbles  of  grit,  quartz,  and 
limestone.  North  of  Lydeard  St.  Lawrence  beds  of  breccio-conglo- 
merate  and  hard  breccias  occur,  intercalated  in  brecciated  sands  and 
Lower  Sandstones ;  but  the  general  character  of  the  breccia  in  the 
neighbourhood  of  Luckham*,  Williton,  and  Stogumber  is  more  in 
accordance  with  the  breccias  of  Dawlish  (with  many  exceptional 
phases,  all  of  which  have  their  congeners  between  the  Watchet 
aistnct  and  the  south  coast  of  Devon)  than  those  of  Teignmouth. 

We  cannot  here  go  into  all  these  minor  modifications  which  the 
breccias  present.  In  numerous  instances,  on  the  older  rocks, 
bordering  the  Tiverton  and  Crediton  valleys,  and  on  Spray  Down, 

eoUe£n£Mr°T^  flwt  no^<^  •"*  mapped  by  my 
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near  Broadclist,  the  Trias  assumes  the  character  of  a  brown  gravelly 
mass  containing  numerous  large  grit  boulders,  with  an  earthy 
matrix  and  very  feeble  evidence  of  stratification.  In  all  the  varieties 
of  breccia  previously  alluded  to,  local  beds  and  impersistent  bands 
of  sand  and  sandstone  may  occur  at  any  horizon. 

The  next  (and,  so  far  as  I  am  aware,  the  final)  variation  this  division 
assumes  is  not  present  on  the  coast,  and  only  very  locally  observable 
inland,  viz.  brecciated  loam  and  clay  and  intercalated  clays  and 
coarse  sand  finely  brecciated.  Exeter  and  the  Crediton  valley,  and 
between  Silverton  and  Bradninch,  are  the  only  localities  in  which  I 
can  speak  with  certainty  of  its  occurrence. 

The  railway-cutting  near  Queen's-street  Station,  Exeter,  shows 
red  loamy  clay,  brecciated  with  shale-fragments,  and  containing  a 
few  even  red-sandstone  beds  intercalated.  Culm-shales  are  ob- 
servable cropping  out  in  one  place  at  the  base  of  the  cutting;  so  that 
either  there  is  a  fault  between  Queen 's-street  and  the  Docks,  where 
breccias  somewhat  resembling  those  of  Dawlish  occur  at  a  much 
lower  level,  or  the  floor  of  the  older  rocks  on  which  the  Triassic  beds 
were  deposited  is  exceedingly  uneven.  However,  as  the  mapping  of 
Exeter  is  not  quite  completed,  the  question  is  open  to  settlement. 

In  St.  Sidwell's  parish,  Exeter,  brecciated  loamy  clay  (fragments 
of  culm-shales),  with  beds  of  red  clay  and  loamy  clay,  occasionally 
brecciated,  are  shown.  In  places  north  of  Newton  St.  Cyres,  near 
Whipton,  and  near  Polestow,  north-east  of  Exeter,  dark -red  clay, 
mottled  grey  in  the  latter  place,  and  in  parts  thickly  brecciated  with 
shale-fragments,  occurs. 

South  of  Thorverton  and  east  of  Crediton  the  beds  are  very  vari- 
able, showing  dark-red  loamy  clay,  bands  of  coarse  reddish-brown 
brecciated  sand  with  lines  of  grey  sandy  loam,  coarse  dark-red  sand 
and  sandy  loam,  reddish-brown  and  red  laminated  sand,  breccia  of 
shale,  igneous  and  grit-fragments  in  sand  and  loam,  and  breccia  of 
small  grit,  igneous  and  quartz-fragments. 

No  definite  position  can  be  assigned  to  these  clay-beds  in  the 
lowest  division,  as  they  probably  locally  replace  the  other  lithological 
constituents. 

We  have  now  glanced  at  the  lowest  division  of  the  Devon  and 
West  Somerset  Trias,  in  itself  exhibiting  affinities  to  each  and  every 
other  member  of  the  group, — the  clay-beds  to  the  Upper  and  Lower 
Marls,  the  sandstones  to  Upper  Sandstones,  and  the  breccio- conglo- 
merates to  the  Conglomerates,  whilst  the  gravelly  breccias  exhibit 
some  points  of  similarity  to  the  Pebble-beds.  We  find  the  greatest 
and  most  complete  development  of  this  division  exhibited  in  the 
coast  of  Devon,  from  Exmouth  to  Torquay  and  Paignton,  in  the 
valleys  of  Crediton  and  Tiverton,  ana  north  of  the  great  fault  north 
of  Milverton.  In  the  intervening  districts  we  have  pointed  out  the 
probability  of  some  of  the  unrepresented  varieties  being  concealed 
by  the  one  superficially  developed,  and,  by  mentioning  the  occurrence 
of  sandstones  at  the  top  of  the  division  about  Exeter  and  Broadclist 
and  at  apparently  the  bottom,  from  Wiveliscombe  and  Bathealton 
northwards,  shown  the  possibility  of  the  absent  breccias  being 
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represented  by  replacing  sandstones.  In  dose  proximity  to  those 
localities  where  the  Lower  Division  seems  entirety  absent  we  hare 
pointed  oat  at  least  two4  considerable  faults  affecting  the  junction 
of  the  Trias  with  the  older  rocks,  and  shown  the  numerous  disturb- 
ances displacing  the  members  of  the  Trias ;  so  that,  though  there 
is  a  possibility  of  the  Lower  Division  being  absent  altogether  in  one 
or  two  places,  facts  seem  to  point  to  its  elimination  by  faults  or 
concealment  by  the  Lower  Marls. 

Economic  U$e$. — At  Woodcock's  Well,  west  of  Coflumpton,  and 
Cowley  Moor,  north  of  Tiverton,  bands  or  lenticular  masses  of  clay 
occur  in  the  Lower  Sandstones,  and  afford  material  for  brick-making 
in  both  those  places. 

At  Langfbrd  (Langord  on  Ordnance  Map),  near  Upton  Pyne, 
brecciatcd  sandstones  have  been  worked  for  manganese.  Breccias 
and  sands  at  Luckham,  stained  blackish,  have  been  worked  for  iron- 
ore.  In  two  brick-pits  near  Montle  Grand,  in  Exeter,  clay  and 
breociated  clav  are  used  for  brick-making,  the  shale-fragments  being 
burnt  in  the  brick,  which  is  hard  and  rough. 

The  breccias  of  Heavitree,  Luckham,  and  Sampford  Peverell  are 
quarried  for  building-purposes,  and,  in  the  last-mentioned  place  also 
for  burning  lime,  owing  to  the  contained  limestone. 

Thickness. — Here,  again,  we  are  at  a  loss  in  forming  an  estimate 
of  the  thickness  of  the  division  as  exposed  in  the  south  coast.  In 
the  first  place,  there  is  a  probability  of  at  least  a  hundred  feet  of 
sandstone  being  cut  out  at  Exmouth ;  in  the  next,  though  many 
high  dips  are  to  be  seen  in  the  beds  between  Exmouth  and  Torquay, 
my  friend  Mr.  H.  B.  Woodward  assures  me  that  they  are  in  many 
cases  due  to  faults,  and  that  the  beds  are  in  numerous  instances 
comparatively  horizontal;  it  is  also  evident  that  the  coast-line 
cannot  represent  their  thickness,  as  it  crosses  the  line  of  dip 
diagonally,  so  that,  instead  of  10  miles  from  Exmouth  to  Torquay, 
we  must  take  7  miles  between  Exmouth  and  Chudleigh.  Starting 
with  a  fault,  and  the  probability  of  several  more  occurring,  but  not 
to  be  traced,  owing  to  homogeneity  of  beds  traversed  or  variability 
of  the  division,  any  attempt  at  estimating  their  thickness  would  be 
very  untrustworthy. 

South  of  Exeter  the  area  occupied  by  this  division  has  a  breadth 
of  from  6  to  8  miles ;  north-east  of  Exeter  about  3  miles,  two  of 
which  may  be  taken  as  occupied  by  tolerably  horizontal  Lower 
Sandstones,  and  the  lower  beds  as  concealed.  The  broadest  part  of 
the  Crediton  valley  occupied  by  these  beds  is  3£  miles ;  but,  both  on 
the  north  and  south  side  of  the  valley,  they  appear  to  dip  away  from 
the  older  rocks,  forming  a  synclinal  trough,  the  sandstones  at  Upton 
Pyne,  on  the  south  side  of  the  valley,  apparently  concealing  breccias. 
The  axis  of  depression  is  a  little  to  the  north  of  Bramford  Spekef. 

*  At  Horridge  Down,  south  of  Wivelisoombe,  and  at  Canon  Leigh,  near 
Weatleiph. 

t  This  synclinal  axis  seems  to  pass  into  the  Culm-measure  area  on  the  south- 
west ot  Newton  St.  Cyres.  West  of  St.  Cyres  the  Trias  in  the  Crediton  valley 
is  almost  exolusirely  composed  of  breccia  containing  numerous  fragments  of 
Igneous  rockr 
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Assuming  the  rocks  north  of  this  axis  to  be  unfaulted,  the  few  dips  I 
have  taken  in  them,  averaging  10°  due  south,  must  not  be  taken  into 
account,  as  they  are  only  local ;  and  any  estimate  before  the  whole 
valley  is  resurveyed  and  a  more  minute  examination  made  of  the 
part  already  gone  over,  would  be  premature. 

The  Tiverton  valley,  with  a  breadth  of  4  miles  north  and  south 
through  Halberton,  seems  also  to  present  a  synclinal  in  these  beds. 

If  we  allow  a  tolerably  persistent  thickness  for  the  Lower  Division 
over  the  whole  area,  which  is  very  unlikely,  the  Watchet  district 
might  afford  a  clue.  Assuming  that  their  average  width,  about  a 
mile  (south  of  Stogumber),  is  a  persistent  outcrop  where  the  whole 
thickness  of  the  division  is  represented,  a  persistent  dip  of  8°  would 
give  a  thickness  of  about  720  feet.  Allowing  the  coast-section  beds 
to  represent  a  maximum  development,  Mr.  Woodward  agrees  with 
me  in  considering  1000  feet  as  an  outside  estimate  for  them. 

General  Observations. 

In  the  foregoing  all  the  estimates  made  of  the  thickness  of  the 
divisions  must  be  considered  merely  approximations  based  upon 
such  material  as  the  survey  of  most  of  the  district  has  supplied  me 
with.  Tracts  yet  remain  to  be  investigated  which  will  probably 
throw  more  light  upon  the  relations  of  two  of  the  divisions — the 
Pebble-beds  and  the  Lowest  Division. 

Mr.  H.  B.  Woodward  has  subdivided  the  Triaseic  rocks  in  the 
immediate  neighbourhood  of  Williton,  and  in  that  district  fully 
corroborated  the  sequence  of  which  it  is  the  object  of  this  paper  to 
attempt  a  description.  As  previously  stated,  I  do  not  insist  that 
this  sequence  is  present  over  the  whole  area  covered  by  Triaseic 
rocks  in  West  Somerset  and  Devon,  or  even  over  a  much  greater 
space  than  where  it  is  exposed. 

In  a  slowly  and  unequally  subsiding  area  beds  of  breccia  may 
have  been  forming  before  the  land  under  the  area  now  covered  by 
the  Upper  Marls  had  come  within  the  influence  of  the  destructive 
and  accumulating  agencies  at  work  in  other  portions  of  the  district ; 
and,  when  it  did,  the  sediment  deposited  may  have  been  of  a 
totally  different  character.  I  only  desire  to  show  that,  from  the 
outcrop  of  the  Upper  Sandstones  to  the  older  rock-margin,  this 
sequence,  considering  the  impersistent  nature  of  the  divisions,  is, 
we  might  almost  say,  abnormally  persistent. 

At  Exeter,  about  Silverton  and  south  of  it,  in  the  Crediton  valley, 
and  at  the  western  extremity  of  the  Tiverton  valley,  patches  of 
basalt  occur  in  connexion  with  the  Lowest  Division.  Their  mode 
of  occurrence  and  composition  will  be  treated  of  in  the  Geological- 
Survey  memoir. 

The  frequent  high  dips  exhibited  by  the  lower  beds  of  the  Trias 
down  the  slopes  of  the  older  rocks,  upon  which  they  rest,  decreasing 
in  amount  of  inclination,  though  generally  persistent  in  direction  as 
we  recede  from  their  (the  older  rocks')  superficial  limits,  the  presence 
of  patches  of  the  lower  beds  of  the  Trias  on  the  Palaeozoic  Highlands, 
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as  at  Stoodleigh  Beacon  and  Spray  Down,  and  the  rough  parallelism  to 
the  old  rock-margin  exhibited  by  the  majority  of  the  faults  affecting 
the  Trias  seem  to  lead  to  the  conclusion  that  a  partial  upheaval,  at 
least,  of  the  rocks  on  which  the  Lower  Division  of  the  Trias  rests,  in 
Post-Triassic  times  gave  their  easterly  tilt  to  the  Secondary  Rocks, 
and  probably  aided  in  producing  the  folds  observable  in  the  Culm- 
limestones  of  West  Leigh  and  its  vicinity. 

To  what  extent  the  Triassic  beds  may  have  suffered  from  denu- 
ding forces  since  that  elevation,  and  how  far  the  upheaval  of  the 
older  rocks  has  been  Post-Triassic,  is  a  question  upon  which  future 
investigations  and  careful  survey  will  probably  throw  some  light. 
The  existence  of  gravel  patches  upon  the  older  rocks,  near  the 
margin  of  the  Triassic  area,  in  some  districts,  the  fact  that  material 
for  the  formation  of  such  gravels  would  be  readily  furnished  by  the 
disintegration  of  certain  varieties  of  breccia  of  the  Lowest  Triassic 
division  *,  the  fact  that  this  gravel  actually  overlies  and  is  hardly 
separable  from  an  outlying  patch  of  brecciated  sand  near  Stoodleigh 
Beacon,  tf  miles  north-west  of  Tiverton,  and  isolated  by  nearly  2 
miles  of  Culm-measure  shales  and  grits  from  the  main  mass  of  the 
Trias,  and  the  careful  indication  of  three  minute  patches  of  sandstone 
(probably  of  the  lower  series)  on  the  top  of  Grabbist  Hill  near 
Minehead,  by  my  friend  and  colleague  Mr.  Blake,  all  lead  to  the 
inference  of  a  very  much  greater  extension  of  the  Devonshire  and 
West  Somerset  Triassic  rocks  before  the  upheaval  which  (probably 
successively  ?)  exposed  them  to  denuding  forces,  and,  leaving  but 
very  few  traces  as  beacons  of  their  former  site,  afforded  by  their 
destruction  plentiful  material  for  the  formation  of  subaerial  gravels 
and  thick  soils. 

Thickness f. 

Summing  up  the  outside  and  very  problematical  estimates  want 
of  better  compel  me  to  offer,  we  have  for — 

Upper  Marls  1350 

Upper  Sandstone    530 

Conglomerates    100 

Lower  Marls   600 

Lower  Sandstone  and  Breccia ....  1000 


3580  feet  in  all, 
though  2500  feet  appears  a  more  likely  estimate. 

*  Some  of  these  outlying  patches  of  High-Level  Gravel  have  been  visited 
since  the  above  had  gone  to  press ;  and  I  do  not  now  entertain  a  doubt  as  to 
their  Triassic  age. 

t  The  different  amount  of  the  dips  allowed  in  forming  estimates  of  the 
thickness  of  each  division  would  at  first  sight  appear  anomalous  in  a  conform- 
able series  of  beds ;  but  when  the  different  localities  from  which  the  estimates 
have  been  made,  and  the  local  variations  so  commonly  experienced  in  the 
occurrence  of  the  divisions,  are  taken  into  account,  the  difficulty  of  obtaining 
results  from  one  locality  alone  will  be  appreciated. 
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General  Deductions. 


We  find  in  the  area  last  treated  of  a  tolerably  persistent  series  of 
conformable  strata  of  much  greater  thickness  and  more  variable 
composition  than  that  of  the  Bridgewater  district  and  the  other 
tracts  covered  by  Triassio  rocks  south  of  the  Mendips,  whilst  in  the 
area  north  of  the  Mendips  they  seldom  exceed  200  feet. 

Hence  we  are  justified  in  considering  that  the  area  east  of  the 
Quantocks  and  of  Taunton,  and  south  of  the  Mendips,  was  dry  land 
during  the  deposition  of  the  Breccias,  Lower  Marls,  and  Con- 
glomerates in  the  West-Somerset  and  South-Devon  areas,  and  did 
not  come  within  the  influence  of  the  Triassic  waters  till  after  the 
commencement  of  the  deposition  of  Upper  Sandstones  in  the  latter. 
The  question  as  to  the  correlation  of  the  Devon  and  Somerset  Trias 
with  that  of  Lancashire,  Cheshire,  Staffordshire,  Leicestershire,  and 
Warwickshire  yet  remains  to  be  solved.  Whilst  the  Upper  Marls  and 
Sandstones  of  the  South-coast  and  Watchet  areas,  and  their  easterly 
extension  to  the  Bridgewater  area,  and  that  of  the  former,  at  any 
rate,  to  the  southern  flanks  of  the  Mendips,  leave  no  room  for  doubt 
as  to  their  Eeuper  age,  and  the  dolomitic  conglomerate  and  marls 
north  of  the  Mendips  are  evidently  the  later  deposits  of  the  Keuper 
period,  we  are  at  a  loss  to  account  for  the  remaining  members  of 
the  South-Devon  Trias. 

Taking  an  average  of  2187  feet  for  the  Keuper  in  the  midland 
counties,  and  924  feet  as  the  average  thickness  of  the  Bunter,  from 
Prof.  Hull's  table  of  thicknesses  in  his  memoir  on  the  Permian  and 
Trins  (p.  108),  we  have  a  total  of  3111,  or  about  460  feet  under 
the  outside  estimate  allowed  for  the  South-Devon  Trias.  Of  that 
estimate  of  3580  feet,  the  Upper  Marls  and  Sandstones,  which  are 
evidently  of  Keuper  age,  constitute  1880  feet. 

If  the  remaining  1700  feet  be  taken  as  Keuper,  we  have  an  ab- 
normal development;  but  if,  as  appears  most  likely,  the  lower 
divisions  are  of  Bunter  age,  the  absence  of  unconformity  throughout 
the  series  makes  it  evident  that  no  break  here  took  place  during  the 
Muschelkalk  period,  but  that  that  hitherto  unfound  division  must 
have  its  British  representative  in  South  Devon.  Whether  we  con- 
sider the  Pebble-bed  division  or  the  Lower  series  of  marls  as  repre- 
senting the  Muschelkalk,  it  is  evident  that  if  we  consider  the  Lower 
beds  as  Bunter,  it  must  also  be  represented. 

It  would  be  puerile  were  I  to  infer  that,  because  no  lithological 
equivalent  occurs,  contemporaneous  deposition  did  not  take  place, 
and  would  be  in  the  face  of  the  evidence  I  have  endeavoured  to  bring 
forward  as  to  the  interchangeable  nature  of  the  constituents  of  single 
divisions  within  a  limited  area,  as,  for  instance,  the  marlstones  almost 
replacing  the  Upper  Sandstones  near  Bishop's  Lydeard  and  at 
Cothelstone,  and  the  different  positions  occupied  by  the  sandstones 
in  the  Breccia  division  in  the  north  and  south  parts  of  the  area. 

As  every  one  knows,  the  nature  of  accumulating  sediments  depends 
largely  upon  the  materials  whence  they  were  derived,  which 
is  well  instanced  in  the  dolomitic  conglomerates  of  the  Mendip 
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country  (where  the  old  rocks  were  chiefly  composed  of  Carboniferous 
limestone),  the  prevalence  of  arenaceous  deposits  at  the  base  of  the 
Trias  fringing  the  north-east  and  south  slopes  of  the  Devonian  grits 
and  shales  of  the  Quantocks,  the  basement  breccias  and  sands  of  the 
West  Somerset  and  SouthJDevon  Trias  (where  the  older  rocks  chiefly 
consist  of  Culmiferous  and  Devonian  shales  and  grits),  and  the  ad- 
mixture of  calcareous  material  in  the  form  of  derived  fragments  or 
in  the  matrix  in  places  where  neighbouring  exposures  of  limestone 
were  favourable  for  their  production;  so  that  we  are  not  only 
unable  to  see  any  reason  why  the  Muechelkalk  should  present  similar 
characteristics  in  different  areas,  but  fail  to  see  why  its  repre- 
sentative should  form  a  perfectly  distinct  division. 

Whether  the  Budleigh  pebbles  travelled  from  Normandy  or  Corn- 
wall, their  advent  seems  to  mark  an  epoch  in  the  Triassic  history  of 
Devon,  when  either  by  the  breaking  of  a  barrier,  allowing  the  in- 
cursion of  foreign  sediments  into  a  salt  lake  or  inland  sea,  or  by  a 
natural  extension  of  the  local  sources  of  derivation,  a  supply  of 
foreign  material  was  swept  into  the  area,  furnishing  the  depositing 
agents  with  a  different  supply  from  that  which  had  before  been  and 
was  afterwards  afforded  by  the  local  rocks. 

In  the  Geological-Survey  memoir  on  this  area  the  bibliography  of 
the  subject  will  be  gone  into,  and  these  few  precursory  notes  will  be 
modified  and  strengthened,  when  additional  observations,  greater 
latitude,  and  time  allow  us  to  enter  into  details  and  amplify  many  in 
our  possession  not  alluded  to  here*. 

Discussion. 

Mr.  Ethebidob  remarked  that  the  Ehsetics  form  a  most  im- 
portant feature  in  Somersetshire.  He  thought  that  the  ignorance 
of  the  Triassic  rocks  so  common  among  geologists  was  to  be  ascribed 
to  a  great  extent  to  the  want  of  interest  attaching  to  these  non- 
fossiliferous  red  beds;  and  hence  our  thanks  were  due  to  those  who, 
like  Mr.  Ussher,  would  work  upon  them. 

Prof.  Ramsay  said  that  Sir  Henry  De  la  Beche  grouped  the  whole 
of  the  Triassic  rocks  together,  but  nevertheless  there  was  no  doubt 
that  he  fully  understood  their  nature.  In  passing  over  part  of  the 
country,  he  had  once  fancied  that  some  of  the  lower  breccias  might 
be  Permian ;  but  he  had  never  been  able  to  investigate  the  matter. 

The  Author  remarked  that  if  the  Lower  Breccias  were  Permian, 
the  Bunter  and  Muschelkalk  must  be  also  represented,  in  the  absence 
of  unconformity. 

*  Should  any  of  my  observations  tally  with  those  of  my  predecessors  in  the 
field,  I  have  only  to  state  that  the  latter  part  of  this  epitome  has  in  a  still  more 
abstracted  form  appeared  in  the  '  Geological  Magazine/  dec.  %  voL  ii.  No.  4, 
April  1875,  and  has  been  strung  together  and  condensed  entirely  from  my  own 
notes  and  observations. 
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41.  On  the  Discovert  of  Melokubs  in  BBiTAnr.  By  Walteb  Kebpikg, 
Esq.,  B.A.,  of  the  Woodwardian  Museum,  Scholar  of  Christ's 
College,  Cambridge.    (Read  March  22,  1876.) 

(Communicated  by  Professor  Hughes.) 

Ik  the  appendix  to  a  paper  read  before  the  Geological  Society,  June  9, 
1875,  I  noticed  the  discovery  of  a  large  Urchin,  nearly  allied  to 
the  American  genus  Melonites,  from  the  Carboniferous  Limestone  of 
Derbyshire,  and  preserved  in  the  museum  of  the  Geological  Survey. 
I  have  since  been  permitted  to  examine  the  specimen  more  carefully, 
so  as  to  determine  it  to  be  a  new  species  of  Mchnitcs,  a  type  of  Echi- 
noids  characterized  by  its  numerous  ranges  of  ambulacral  plates,  which 
until  now  was  unknown  beyond  the  boundaries  of  the  New  World. 

Another  fragment,  smaller,  but  well  preserved  and  presenting  all 
the  characteristics  of  the  species,  may  be  seen  in  the  British  Museum. 

Description  of  the  specimens. — The  larger  specimen  is  a  confused 
mass  of  stout  plates  covering  an  area  of  7£  inches  by  7  inches. 
Among  these  may  be  seen  some  broad  bands  and  broken  masses  of 
another  set  of  plates,  which  are  each  perforated  by  a  pair  of  pores. 
From  the  arrangement  of  this  latter  system  of  plates,  converging,  as 
they  do,  roughly  to  the  centre  of  the  specimen,  we  see  that  this  is 
the  remains  of  one  large  Echinoid  broken  up  and  much  disarranged, 
the  larger  scattered  plates  having  formed  its  interambulacral  areas, 
the  masses  of  smaller  plates  its  ambulacral  zones. 

The  interambulacral  plates  (figs.  3, 4)  are  very  numerous,  and  are  all 
about  the  same  size,  which  shows  that  new  series  of  plates  were 
intercalated  to  form  the  increasing  circumference  towards  the  equator 
of  the  test,  where  there  must  have  been  as  many  as  eight  or  nine* 
ranges  of  plates.  The  plates  themselves  are  very  thick,  and  are 
rather  irregular  in  form,  most  of  them  being  unequally  six-sided ; 
others  are  pentagonal,  with  one  face  rounded.  These  latter  formed 
the  marginal  ranges  of  plates,  and  they  are  marked  with  indenta- 
tions for  the  ambulacral  plates,  with  which  they  articulated.  The 
surfaces  of  all  are  ornamented  with  closely  set  minute  tubercles. 

The  plates  were  articulated  with  each  other  in  a  very  irregular 
manner,  some  of  their  edges  being  perpendicular  to  the  surface,  while 
others  are  inclined  as  much  as  30°,  every  intermediate  stage  being 
seen.  The  marginal  ranges  share  the  irregularity  so  characteristic 
of  this  Urchin ;  for  some  of  these  plates  are  bevelled  off  from  their 
upper  edges,  others  from  the  lower,  so  that  in  some  parts  of  the 
test  the  ambulacral  areas  overlapped  the  interambulacrals,  in  others 
viceversd. 

The  ambulacral  areas  are  in  better  condition.  When  the  test  was 
crushed  their  plates  still  cohered,  and  the  areas  were  broken  up  into 

*  Supposing,  as  the  specimen  seems  to  indicate,  that  the  circumference  of  the 
test  was  that  of  a  circle  with  34  inches  radius,  then,  the  ambulacral  areas  being 
36  millims.  broad  (see  infrh),  the  interambulacral  areas  were  72  millims.  broad; 
and  allowing  each  interambulacral  plate  8  millims.,  there  were  nine  ranges  of 
such  plates  at  the  ambitus. 
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masses  of  various  shapes,  the  larger  ones  remaining  as  broad  bands 
converging  to  the  centre.  Their  upper  surface  is  distinctly  convex 
both  longitudinally  and  laterally ;  on  one  border  they  are  festooned 
to  receive  the  convex  articulations  of  the  adjoining  interambulacral 
plates ;  but  the  opposite  edge  is  a  regular  simply  denticulated  border 
(«*,  fig.  1).  I  therefore  believe  that  these  masses  are  broken  halves 
only  of  the  ambulacral  areas — the  festooned  edge  being  the  outer 
border  of  the  area  and  the  denticulated  edge  its  middle  line.  An 
examination  of  the  constituent  plates  confirms  this  view ;  for  the 
pores  which  they  bear  are  all  situated  towards  that  edge  of  the  plate 
which  is  nearest  the  festooned  border. 

We  have  seen  that  each  half  of  an  ambulacral  area  is  convex 
laterally ;  they  are  in  fact  much  more  convex  than  the  general  sur- 
face of  a  test  7  inches  in  diameter  could  have  been ;  and  they  must 
therefore  have  stood  out  as  ten  broad  ribs  on  the  test,  set  in  pairs 
separated  by  a  gentle  valley  in  the  median  part  of  the  ambulacral 
areas,  and  by  the  broader  planes  of  the  interambulacral  areas. 

The  half  ambulacral  areas,  as  here  preserved  (see  fig.  2),  are  com- 
posed of  six  or  seven  ranges  of  small  irregular  plates,  which  are 
broader  than  high,  thicker  than  broad,  and  ornamented  with  minute 
tubercles  like  the  interambulacral  plates.  The  middle  ranges  are 
more  regular.  Each  plate  is  perforated  by  a  pair  of  pores,  subtri- 
angular  where  best  preserved,  and  situated  close  to  that  edge  of  the 
plate  which  is  nearest  the  festooned  border.  Although  the  plates 
are  so  irregular,  yet  the  pores  are  most  of  them  arranged  in  lines 
and  set  in  shallow  grooves  running  longitudinally  upon  the  areas. 
On  the  internal  surface  of  the  test  these  grooves  (or  "  poriferous 
furrows,"  as  they  may  be  called)  are  represented  by  a  correspond- 
ing set  of  ridges. 

The  tubercles  form  a  very  uniform  granulation  over  the  whole 
test,  but  are  best  marked  on  the  ambulacral  areas.  They  are  im- 
perforate, without  boss,  and  are  of  two  orders :  the  larger  ones,  which 
are  most  numerous,  are  surrounded  by  a  smooth  areola,  bounded  by 
an  elevated  ring  (fig.  5) ;  contiguous  rings  are  almost  in  contact. 

On  the  surface  of  one  of  the  ambulacral  masses  and  elsewhere  on 
the  block  some  minute  acicular  spines  are  abundantly  scattered ;  the 
microscope  shows  them  to  be  sulcated,  with  a  prominent  collar  at 
the  base  (fig.  6). 

The  dimensions  of  the  specimen  are  as  follows,  viz. : — 

in.  millim. 

Greatest  length  of  specimen 7£ 

Greatest  breadth  „  7 

Average  length  of  interambulacral  plates  ....  8 

Average  breadth            „                  „  6 

Average  thickness         „                   M  3J 

Length  of  an  ambulacral  plate 4 

Breadth          „                  „  2 

Thickness       „                   „  3| 

Breadth  of  half  ambulacral  area   19 

Length  of  spine 3-6 


Digitized  by  VjOOQ IC 


w.  KXBPnre  oh  the  discoyeby  of  melonites  in  Britain.      397 

Figs.  1-6. — Melonites  Etheridgii,  sp.  n.,  from  the  Carboniferous 

Limestone  of  Derbyshire. 

Fig.l. 


Fig.  4.  Fig.  3.  Fig.  2. 


<M 


Fig.  5. 


Fig.  1.  Crashed  (specimen  of  Melonites  Etheridgii,  n.  sp.f  half  nat  size  (Museum 

of  Practical  Geology). 
Fig.  2.  The  auibulacral  mass  marked  %  iQ  &&-  *•    The  outer  festooned  border 

and  the  spines  are  shown. 
Fig.  3.  An  interambulacral  plate,  showing  the  bevelled  edge  and  the  tubercles. 
Fig.  4.  One  of  the  marginal  interambulacral  plates,  showing  the  groores  for 

the  articulation  of  the  ambulacral  plates. 
Fig.  5.  Tubercles,  magnified.    N.B.  The  rings  around  the  tubercles  are  here 

made  to  look  too  angular  and  too  prominent 
Fig.  6.  Spine,  much  magnified. 
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The  British-Museum  specimen  is  smaller  (4  inches  by  3  inches) ; 
but  it  is  a  fragment  of  probably  quite  as  large  an  individual,  as  we 
see  from  the  size  of  its  plates. 

On  one  side  the  test  has  been  much  disturbed,  the  whole  surface 
being  covered  with  a  confused  mass  of  interambulacral  plates  and 
a  few  ambulacrals ;  but  on  the  other  surface  we  have  a  well-preserved 
interambulacral  area  composed  of  five  or  six  ranges  of  plates,  an 
extra  range  being  intercalated  between  the  othero  as  we  approach 
the  equator.  The  outer  edges  of  the  bordering  ranges  are  bevelled 
off,  showing  that  they  were  overlapped  by  the  ambulacra!  plates ; 
these  latter  are  seen  confusedly  heaped  together  in  two  masses  bor- 
dering the  interambulacral  area  on  either  side. 

The  tubercles  and  spines  are  well  preserved. 

It  is  remarkable  that  whereas  in  the  larger  specimen  the  ambula- 
cra! areas  are  preserved  with  their  plates  in  position  amid  the 
scattered  plates  of  the  interambulacral  system,  here  it  is  the  ambu- 
lacral  ranges  that  have  given  way,  while  the  interambulacrals  still 
preserve  their  natural  relations. 

Melokitbs  Ethbridgii,  n.  sp. 

Specific  Characters. — Test  large  (diameter  of  crushed  specimen  7£ 
inches),  spheroidal  (?),  composed  of  very  thick  plates  arranged  in 
five  ambulacral  and  five  interambulacral  areas.  All  the  plates 
ornamented  with  minute  tubercles  for  the  support  of  the  spines. 

Interambulacral  areas  broader  than  (twice  as  broad  as?)  the 
ambulacrals,  composed  of  numerous  (nine?)  ranges  of  plates, 
marginal  ranges  pentagonal,  the  rest  hexagonal,  articulating  with 
each  other  by  faces  which  vary  from  a  right  angle  to  one  of  thirty 
degrees  with  the  exposed  surface.  Ambulacra!  areas  large  (1 J  inch 
wide),  each  consisting  of  two  broad  ribs  separated  by  a  slight  de- 
pression along  its  median  line  running  from  mouth  to  anus ;  com- 
posed of  numerous  (twelve  to  fourteen)  ranges  of  irregular  plates, 
each  perforated  by  a  pair  of  simple  pores  on  its  outer  margin. 

Tubercles  minute,  imperforate,  without  boss,  of  two  orders,  the 
larger  kind  surrounded  by  a  smooth  areola,  bounded  by  an  elevated 
ring. 

Spines  small  (length  3-6  millims.),  tapering,  coarsely  silicate, 
with  a  prominent  collar  round  the  articular  end. 

Affinities  and  Differences. — The  only  forms  which  require  a  close 
comparison  with  our  fossil  belong  to  the  genera  Melonites  and  OUgo- 
porus  of  the  group  Perischoeohinidae ;  with  these  it  agrees  in  the 
thickness  of  its  test,  its  numerous  ambulacral  and  interambulacral 
plates,  and  in  the  absence  of  large  tubercles;  but  OUgoporus  has 
not  more  than  four  ranges  of  plates  in  its  ambulacral  areas. 

As  a  species,  this  is  well  distinguished  from  Melonites  multiporus, 
N.  &  0.,  by  .the  characters  of  its  ambulacral  areas :  these  are  com- 
posed of  twelve  or  fourteen  ranges  of  plates  separated  into  two  sones 
by  a  median  depression,  and  the  two  middle  ranges  are  not  larger  than 
the  others;  in  M.  mulUporus,  N.  &  0.,  they  are  composed  of  eight 


Digitized  by  VjOOQ IC 


W.  KBKPINe  OK  THE  DISCOVERY  OF  MEL05ITVS  IK  BRITAJlf.         399 

ranges  of  plates,  with  a  prominent  median  ridge  formed  by  arched 
plates  which  are  twice  as  large  as  the  others. 

M.  Etheridgii  is  perhaps  further  distinguished  by  the  size  of  its 
tubercles  and  spines,  no  trace  of  either  of  these  being  seen  in  the 
beautiful  specimens  of  M.  multiporus  preserved  in  the  British  Museum*. 
Although  some  of  the  plates  in  this  Urchin  articulate  with  each  other 
by  inclined  faces,  yet  I  do  not  believe  that  its  test  was  flexible,  but 
rigid,  as  is  proved  by  the  thickness  of  the  plates  and  the  mode  of 
preservation  of  the  ambulacral  areas ;  therefore  it  must  be  classed 
in  the  group  of  Perischoeckinida  Ussellataf. 

I  have  named  this  species  after  Mr.  B.  Etheridge,  F.R.8.,  and 
take  this  opportunity  of  thanking  him  for  that  assistance  which  he 
is  ever  ready  to  give. 

Locality  and  Formation. — Both  the  specimens  are  from  the  Car- 
boniferous Limestone  of  Derbyshire. 

Discussion. 

Prof.  Morris  remarked  that  certainly  MeloniUs  was  hitherto  un- 
known in  England.  The  American  species  has  8  ambulacral  and  7 
interambulacral  ranges  of  plates.  He  thought  the  specimen  was  in 
too  imperfect  a  state  of  preservation  to  show  whether  the  valleys 
described  by  the  author  as  dividing  the  ambulacral  areas  really 
existed. 

The  President  remarked  that  the  presence  of  the  spines  in  these 
specimens  was  very  interesting,  as  the  spines  of  MeloniUs  were  pre- 
viously unknown.  He  inquired  as  to  the  true  relationships  of  this 
genus,  and  whether  it  approached  the  Crinoids,  and  stated  that 
similar  plates  were  to  be  met  with  in  abundance  in  a  separate  state 
in  the  Lower  Carboniferous  shales  near  Glasgow. 

Mr.  Keeping  stated  that  Mr.  J.  Young  had  mentioned  to  him  the 
existence  of  traces  of  Melonites  in  the  Glasgow  shales.  He  explained 
further  the  grounds  on  which  he  assumed  that  the  ambulacral  areas 
showed  a  double  convexity ;  and,  in  reply  to  the  President,  stated 
that  he  regarded  these  Urchins  as  allied  to  the  Cystoids,  and  men- 
tioned that  a  Russian  form  of  Caradoc  age,  described  by  Schmidt, 
is  intermediate  between  the  Echinoids  and  Cystoids,  the  part  de- 
scribed by  that  author  as  the  mouth  being  really  the  mark  of  a 
stalk. 


*  Prof.  J.  Hall  kindly  informs  me  that  Meloniie*  multiporus  has  no  tubercles 
or  spines  on  the  test,  the  plates  being  simply  pustulose  over  the  entire  surface, 
t  PeriscMoechinida  tesseUata,  as  defined  by  me,  Q.  J.  a.  S.  Feb.  1876. 


Q.  J.  G.  S.  No.  128.  2  r 
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42.  The  Glacial  Climate  and  the  Polab  Icecap.    By  Joseph  Johjt 
Murphy,  Esq.,  F.GJS.     (Read  June  21, 1876.) 

In  a  paper  u  On  the  Nature  and  Cause  of  the  Glacial  Climate,"  in 
the  Journal  of  the  Society  for  1869  (p.  350),  I  gave  my  reasons  for 
thinking  that  the  glacial  climate  was  not  one  of  intense  cold,  but  of 
snowy  winters  and  cold  summers,  with  a  small  range  of  temperature 
— in  four  words,  not  Siberian  but  Fuegian.  I  agree  with  Mr.  Croll 
that  a  glacial  epoch  is  one  of  maximum  eccentricity  of  the  earth's 
orbit,  and  that  the  northern  and  southern  hemispheres,  during  such 
an  epoch,  are  glaciated  alternately.  Where  I  differ  from  him 
is,  that  while  he  thinks  the  glaciated  hemisphere  has  its  winter  in 
aphelion,  I  maintain,  on  the  contrary,  that  the  glaciated  hemisphere 
is  that  which  has  its  summer  in  aphelion.  Mr.  Croll,  in  his  work 
on  '  Climate  and  Time,'  has  replied  to  me ;  and  I  propose  in  this 
paper  to  supplement  my  former  one  and  give  a  fuller  exposition  of 
my  views,  showing  also  where  I  think  he  has  fallen  into  error. 

I  quote  the  following  from  « Climate  and  Time '  fp.  54) : — 

"  According  to  the  calculations  of  Leverrier,  the  superior  limit  of 
the  earth's  eccentricity  is'  0*07075.  Lagrange's  determination  makes 
the  superior  limit  0*07641.  Recently  the  laborious  task  of  reinves- 
tigating the  whole  subject  has  been  undertaken  by  Mr.  Stockwcll,  of 
the  United  States.  He  has  taken  into  account  the  disturbing  in- 
fluence of  the  planet  Neptune,  the  existence  of  which  was  not  known 
when  Leverrier'6  computations  were  made ;  and  he  finds  that  the 
eccentricity  of  the  earth's  orbit  will  always  be  included  within 
tho  limits  of  0  and  0-0693888." 

In  order  not  to  take  too  high  a  value,  and  for  facility  of  calcula- 
tion where  minutely  accurate  results  as  to  the  effect  on  climate 
are  unattainable,  I  take  the  maximum  eccentricity  at  0-069.  The 
following  tabular  statement  shows  tho  sun's  mean,  perihelion,  and 
aphelion  distances,  at  present,  and  at  maximum  eccentricity,  the 
ratios  of  the  same,  and  the  ratios  of  heat  received  by  the  earth 
at  each  distance  : — 

At  present.         At  maximum  eccentricity. 

Sun's,  distance  in  miles. 

Mean 91,400,000  91,400,000 

Perihelion 89,864,000  85,093,400 

Aphelion     92,936,000  97,706,600 

Ratios  of  distance. 

Mean 1-000  1-000 

Perihelion 0-983  0-931 

Aphelion..  , 1-017  1-069 

Ratios  of  heat  received. 

Mean 1-000  1-000 

Perihelion 1035  1-154 

Aphelion     0-967  0-875 
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The  sun's  aphelion  distance  occurs  at  present  near  the  mid- 
summer of  the  northern  hemisphere ;  so  that  if,  as  I  maintain, 
glaciation  is  the  result  of  a  cold  summer  due  to  the  remoteness 
of  the  sun,  the  glaciation  has  to  he  accounted  for  by  the  heat 
received  by  the  earth  at  the  northern  midsummer  being  less  than 
at  present  in  the  ratio  of  0-875  to  0-967,  equal  to  0-905  to  1-000, 
or  nearly  a  tenth  part  less. 

The  following  attempt  to  estimate  the  effect  of  this  difference  on 
terrestrial  temperatures  is  by  the  method  adopted  by  Mr.  Croll  from 
Sir  John  Herschel  f'  Climate  and  Time,'  p.  37). 

The  temperature  of  space  is  estimated  by  Pouillet  and  Sir  John 
Herechel  at  —  239°  Fahr.  The  mean  temperature  of  the  entire 
northern  hemisphere  for  July  is  estimated  by  Dove  ('  British- Asso- 
ciation Report,  1848)  at  71°.  The  mean  July  temperature  of  the 
northern  hemisphere  is  therefore  310°  above  that  of  space — in 
other  words,  310°  degrees  warmer  than  it  would  be  in  the  absence 
of  the  sun.  If,  then,  the  amount  of  solar  heat  received  by  the 
earth  is  diminished  in  the  ratio  of  0*905  to  1*000,  the  temperature 
due  to  the  sun  should  be  diminished  in  about  the  same  ratio,  or 
from  310°  to  280°-5,  say  by  30  degrees. 

This  estimate  makes,  of  course,  not  the  slightest  pretension  to 
accuracy;  but  it  is  probably  nearly  enough  "true  to  give  an  idea  of 
the  scale  of  the  effect.  In  one  way  it  is  much  too  high.  There 
would  not  be  time  to  produce  the  result:  the  remoteness  of  the 
sun  when  at  aphelion  distance  would  not  have  so  great  an  effect 
on  climate  as  if  his  distance  were  permanently  increased.  But  on 
the  other  hand,  we  have  every  reason  to  believe  that  Hersohers  and 
Pouillet's  estimate  of  the  temperature  of  space  is  much  too  high ; 
and  the  greater  the  difference  between  the  temperature  of  the 
earth's  surface  and  that  of  space,  the  greater  will  be  the  effect  of 
any  variation  in  the  sun's  distance. 

The  hemisphere  which  has  its  summer  in  aphelion  has  its  winter 
in  perihelion;  and  the  winter  temperature  will  be  raised  by  the 
nearness  of  the  sun  about  as  much  as  the  summer  temperature 
is  lowered  by  his  remoteness;  so  that  the  annual  range  of  tem- 
perature will  be  greatly  diminished,  without  necessarily  altering 
the  mean  temperature  at  all.  The  mean  annual  temperature  will 
no  doubt  be  lowered,  from  causes  to  be  stated  further  on;  but 
for  the  present  we  will  suppose  it  unchanged.  If,  then,  the  mid- 
summer temperature  is  lowered  by  30°  and  that  of  midwinter  raised 
by  as  much,  the  effect  on  the  annual  range  will  be  60° ;  and  this  will 
be  enough  to  destroy  the  present  difference  between  summer  and 
winter  in  all  except  the  most  extreme  climates.  According  to  Mr. 
Keith  Johnston,  jun.  ('  Proceedings  of  the  Royal  Society  of  Edin- 
burgh/ 1868-69),  there  are  only  three  regions  of  the  earth  where 
the  range  is  more  than  60° :  these  may  be  roughly  defined  as  Siberia 
with  Central  Asia,  part  of  North  America  with  Baffin's  Bay  and 
part  of  Greenland,  and  Lapland. 

In  the  following  tabular  statement  I  assume  the  eccentricity  to . 
be  at  its  maximum,  and  the  perihelion  to  occur  at  the  midwinter  of 
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the  northern  hemisphere,  which  under  those  circumstances  I  believe 
to  be  the  glaciated  one.  The  parallel  columns  describe  the  *!«■»«*+*- 
of  the  world  at  the  two  solstices  :— 

When  the  Birth  is  im  When  the  Earth  is  in 

Ptrihtliou*  Aphelion. 

The  northern  hemisphere  The  northern  hemisphere) 

has  a  mild  winter.  has  a  cool  summer. 

The  equatorial  region  The  equatorial  region 

has  its  hot  season.  has  its  cool  season. 

The  southern  hemisphere  The  southern  hemisphere 

has  a  hot  summer.  has  a  cold  winter. 

It  is  thus  seen  that  the  southern  hemisphere  will  have  an  ex- 
treme annual  range  of  temperature,  while  that  of  the  northern  is 
very  small ;  and  not  only  so,  but  the  effect  of  the  equatorial  hot 
season  will  spread  far  into  the  northern  hemisphere,  making  the 
winter  of  at  least  the  lower  latitudes  of  that  hemisphere  warmer 
than  the  summer.  This  reversal  of  the  seasons  will  probably  in 
no  case  extend  to  the  pole ;  in  the  immediately  circumpolar  regions 
the  summer  will  always  be  warmer  than  the  winter ;  but  the  line 
of  no  annual  range,  where  the  temperatures  of  midsummer  and  of 
midwinter  are  the  same,  instead  of  being,  as  now,  near  the  equator*, 
will  be  perhaps  near  the  Arctic  Circle.  If  this  is  the  case,  the 
eccentricity  is  a  little  too  great  for  the  maximum  of  glaciation. 
The  condition  most  favourable  to  glaciation  will  probably  be  that 
where  the  line  of  no  annual  range  is  at  or  near  the  margin  of  the 
polar  ice-cap.  put  if  the  maximum  of  eccentricity  is  too  great  for 
the  maximum  of  glaciation,  the  degree  of  eccentricity  which  will 
produce  the  maximum  of  glaciation  will  be  attained  at  some  time 
while  the  eccentricity  is  approaching,  and  again  while  it  is  receding 
from,  its  maximum. 

The  statements  in  the  above  tabular  form  would  probably  be  ac- 
cepted by  every  one  as  self-evident,  if  they  applied  to  a  globe  having 
its  surface  all  land,  so  that  the  subject  of  climate  was  not  compli- 
cated by  the  thermal  effects  due  to  evaporation,  condensation, 
freezing,  and  melting ;  and  Mr.  Croll  in  that  case  would  not  have 
propounded  his  strange  paradox,  that  the  mean  temperature  of  the 
whole  earth  at  maximum  eccentricity  is  higher  when  in  aphelion 
than  when  in  perihelion.  The  principles  stated  in  the  above  table, 
however,  are  not  physical,  but  purely  astronomical ;  and  we  have 
now  to  trace  their  physical  results. 

Round  the  north  pole  there  is  a  considerable  area,  including 
Greenland  and  great  part  of  the  Asiatic  and  American  continents, 
where  the  mean   temperature  of  the  year  is  below  the  freezing- 

*  See  the  paper  by  Mr.  Keith  Johnston,  jun.,  already  referred  to. 
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point,  and  where  consequently  the  ground  at  some  depth  is  always 
frozen.  Yet  so  far  is  this  frozen  area  from  being  covered  with 
perpetual  ice,  that  there  is  no  continental  ice  on  any  part  of  Asia 
or  America ;  and  though  the  interior  of  Greenland  is  covered  with 
a  true  continental  ice-sheet,  yet  this  descends  to  the  sea  only  at 
particular  places,  forming  glaciers  resembling,  in  all  but  magnitude, 
otiose  which  descend  into  the  Alpine  valleys.  In  few  if  any  parts 
of  the  northern  hemisphere  does  the  ordinary  line  of  permanent 
snow  descend  to  the  level  of  the  sea.  The  reason  of  this  is,  that 
the  short  summer  is  warm  enough  to  melt  away  the  winter's  snow. 
So  effectually  is  this  done,  that  in  Siberia  trees  grow  and  crops  of 
rye  are  harvested  over  a  permanently  frozen  subsoil. 

But  let  us  suppose,  what  has  repeatedly  occurred,  that  during  a 
period  of  maximum  eccentricity,  the  precession  of  the  equinoxes  gra- 
dually brings  the  midsummer  of  the  northern  hemisphere  round  until 
it  coincides  with  the  aphelion.  The  total  amount  of  heat  received 
from  the  sun  at  any  given  latitude  will  remain  unchanged,  but,  as 
shown  above,  the  range  of  temperature  will  be  greatly  lessened. 
Suppose  that  at  the  border  of  the  frozen  circumpolar  area  (that 
is  to  say,  along  the  isothermal  of  32°)  the  annual  range  of  tempera- 
ture is  reduced  to  nothing,  so  that  the  temperature  is  always  freez- 
ing, the  result  will  be  that  over  the  frozen  area  the  ice  and  snow 
will  never  melt,  and  a  polar  ice-cap  will  be  formed. 

In  one  way  this  is  a  little  overstated ;  for  in  no  region  is  the 
climate  quite  invariable,  and  even  where  the  mean  temperature 
of  the  warmest  month  does  not  rise  above  32°,  there  will  no  doubt 
be  some  melting.  This,  however,  will  have  no  effect,  except  slightly 
to  diminish  the  extent  of  the  ice-cap  at  its  margin ;  and  it  will 
probably  be  much  more  than  counteracted  by  the  spreading  of  the 
ice- cap,  from  the  same  causes  that  make  a  glacier  descend.  More- 
over the  ice-cap  will  tend  to  extend  itself,  in  consequence  of  the 
effect  of  masses  of  ice  in  preventing  the  temperature  in  their 
neighbourhood  from  rising  much  above  the  freezing  point.  For  this 
reason  the  accumulation  of  ice  will  depress  the  temperature,  espe- 
cially the  summer  temperature,  along  the  margin  of  the  ice-cap ; 
and  this  chilling  effect  will  be  spread  into  lower  latitudes  by  means 
of  cold  currents  and  icebergs. 

The  ice-cap,  as  Mr.  Croll  has  elaborately  shown,  will,  by  displacing 
the  earth's  centre  of  gravity,  draw  a  greater  share  of  ocean-water  to 
the  glaciated  hemisphere;  and  this  will  promote  glaciation  by 
diminishing  the  range  of  temperature;  for  the  range  is  always 
least  in  oceanic  climates.  Meantime  the  non-glaciated  hemisphere 
will  have  a  climate  of  opposite  character — a  climate  of  extremes. 
This  is  partly  because  of  the  withdrawal  of  ocean  water  from  it, 
which  will  increase  the  area  of  land  and  make  the  climate  more 
continental ;  but  chiefly  because  of  the  nearness  of  the  sun  in  sum- 
mer and  his  remoteness  in  winter.  The  instances  of  Siberia  and 
North  America  show  that  such  a  climate  may  produce  a  vigorous 
forest  vegetation,  which  appears  to  be  injured  by  no  severity  of 


Digitized  by  VjOOQ IC 


404  Joseph  jomr  xusphy  ojt  the  olaciil 

winter  cold ;  and  such  was  probably  the  climate  of  Greenland  when 
it  was  clothed  with  forests. 

It  is  true  that  a  long  and  cold  winter  will  be  favourable  to  the 
formation  of  ice,  by  the  freezing  of  water.  But  no  great  accumula- 
tion of  ice,  like  that  of  the  glacial  period,  can  have  been  dne  to  this 
cause,  because  the  freezing  of  water  is  such  a  alow  process  that 
the  thickest  ice  thus  formed  does  not  approach  the  thickness  of  a 
moderately  thick  glacier. 

Thus  the  great  heat  of  the  perihelion  summer  will  rapidly  melt 
away  the  snow  which  has  fallen  during  the  aphelion  winter.  The 
question  of  the  effect  of  summer  heat  on  giaciation  is,  practically,  to 
what  height  the  temperature  of  the  hottest  month  is  able  to  clear 
the  mountains  of  snow.  This  height  is  the  height  of  the  snow- 
line ;  and  I  have  shown  in  my  former  paper,  by  an  appeal  to  the 
facts  of  physical  geography,  that  this  depends  chiefly  on  the  tem- 
perature of  the  hottest  month. 

Humboldt,  in  his  *  Cosmos,'  makes  the  interesting  remark,  that  if 
the  mountains  of  the  world  were  high  enough,  we  should  see  an 
upper  as  well  as  a  lower  limit  to  the  region  of  perpetual  snow.  That 
is  to  say,  at  a  very  great  height  the  snowfall  would  be  so  small  that 
the  snow  would  disappear  by  evaporation  under  the  summer  sun. 
It  seems  not  unlikely  that  this  actually  took  place  during  the  peri- 
helion summer  at  maximum  eccentricity,  when  the  amount  of  heat 
received  by  the  earth  in  perihelion  exceeded  what  it  is  now  in  the 
ratio  of  1-154  to  1085,  equal  to  1115  to  1-000,  or  about  10  to  9. 

There  is  one  fact  of  physical  geography,  which  seems  at  first  sight 
to  support  Mr.  Croll's  theory  that  the  glacial  climate  was  due  to 
an  aphelion  winter,  and  not,  as  I  maintain,  to  an  aphelion  summer. 
In  the  Antarctic  regions  there  is  a  glacial  climate  now  ;  the  entire 
Antarctic  continent  is  covered  with  perpetual  snow  down  to  the 
water's  edge ;  yet  the  Antarctic  summer  is  in  perihelion.  Mr.  Croll 
thinks  this  is  the  normal  state  of  things,  and  in  support  of  his  theory 
he  states  (p.  77)  that 

"1.  The  mean  temperature  of  the  southern  hemisphere  is  less 
than  that  of  the  northern. 

"  2.  The  winters  of  the  southern  hemisphere  are  colder  than  those 
of  the  northern. 

"3.  The  summers,  though  occurring  in  perihelion,  are  also 
comparatively  cold. 

"  4.  The  mean  temperature  of  the  whole  earth  is  greater  in  June, 
when  it  is  in  aphelion,  than  in  December,  when  it  is  in  perihelion." 

I  believe  it  may  be  confidently  asserted  that  the  first  two  of 
these  statements  are.  erroneous.  The  mean  temperatures  of  the 
two  hemispheres  appear  to  be  very  nearly  the  same :  what  makes 
the  great  difference  in  their  climates  is  difference  of  range  of  tem- 
perature. As  compared  with  the  northern  hemisphere,  the  range  in 
the  southern  is  less ;  the  summers  are  cooler,  and  the  winters  warmer. 
The  following  tabular  statement  of  the  climates  of  the  two  hemi- 
spheres is  from  Mr.  Hopkins's  paper  on  "  Changes  of  Climate  "  in 
the  « Quarterly  Journal '  of  this  Society,  vol.  viii.  (p.  72)  :— 
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Lat.  20°  N.  Lat.  20°  S. 

Mean 75  Mean 74-5 

Range 14  Range 9 

Lat30°N.  Lat  30°  & 

Mean  68  Mean 69 

Range 20  Range 12 

Lat  40°  N.  Lat.  40°  8. 

Mean 54*5  Mean 53'5 

Range 35  Range 9 

Lat  50°  N.  Lat.  50°  S.  (Falkland  Islands). 

Mean 39  Mean 43 

Range 46  Range 18 

We  know  nothing  of  the  winter  temperatures  of  the  Antarctic  con- 
tinent; but  it  seems  in  no  way  improbable  that  there  also  the 
range  is  comparatively  small,  so  that  the  mean  temperatures  are 
Dot  lower  than  those  of  corresponding  Arctic  latitudes,  though  the 
summer  temperatures  no  doubt  are  lower.  From  the  fact  that 
the  southern  summers  are  cooler  than  the  northern,  it  follows  that 
the  mean  temperature  of  the  whole  earth  is  lower  in  the  southern 
than  in  the  northern  summer.  All  this  is  generally  and  satisfactorily 
referred  to  the  law  that  maritime  climates  are  less  extreme  than 
continental  ones,  in  consequence  of  water  taking  longer  than  land 
to  become  heated  and  to  become  cooled ;  and  the  climate  of  the 
southern  hemisphere  is  on  the  whole  maritime,  and  that  of  the 
northern  continental  But  if  the  relative  extent  and  distribution 
of  land  and  sea  were  nearly  the  same  in  the  two  hemispheres,  I 
cannot  doubt  that,  contrary  to  Mr.  droll's  opinion,  the  southern 
hemisphere,  having  a  perihelion  summer  and  an  aphelion  winter, 
would  have  a  warmer  summer  and  a  colder  winter  than  the 
northern. 

If,  however,  it  is  hereafter  shown  that  the  mean  temperature  of 
the  Arctic  regions  is  much  higher  than  that  of  the  Antarctic,  this 
will  be  amply  accounted  for  by  the  influence  of  the  warm  currents 
of  the  Atlantic  Mr.  Croll  has  shown  what  an  enormous  quantity 
of  heat  they  carry  northward ;  but  there  are  no  corresponding  cur- 
rents in  the  southern  hemisphere.  The  currents  that  carry  heat  into 
the  North  Atlantic  and  the  Arctic  Ocean  receive  their  direction,  first 
from  the  coast  of  South  America,  which  diverts  the  equatorial  current 
to  the  north-west,  and  afterwards  that  of  Europe,  which  diverts  the 
Atlantic  currents  to  the  north-east*.  Mr.  Croll  is  probably  right  in 
supposing  that  the  glaciation  of  the  northern  hemisphere  would  cause 
the  north  trade-wind  to  blow  further  south  than  at  present,  and  that 
this  would  diminish  the  volume  of  the  Gulf-stream,  and  so  tend  still 
further  to  lower  the  northern  temperatures.     But  this  cause  would 

*  See  '  Climate  and  Time,'  map  facing  p.  212. 
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not  act  during  the  glaciation  of  the  southern  hemisphere,  because, 
in  consequence  of  the  totally  different  disposition  of  the  land,  there 
are  not  in  that  hemisphere  any  great  poleward  currents. 

My  theory  of  the  glacial  climate,  however,  does  not  come  into 
collision  with  Mr.  Croll's  on  the  subject  of  ocean  currents,  because 
the  effect  on  climate  of  any  ehange  in  the  currents  will  be  the  same 
in  kind,  whether  glaciation  is  caused  by  an  aphelion  winter  or  an 
aphelion  summer.  Suoh  a  change  in  the  currents  as  Mr.  Croll 
supposes  cannot  begin  to  act  on  climate  until  a  change  of  climate 
has  first  begun  to  divert  the  currents.  I  think,  however,  that  the 
cold  of  an  aphelion  summer  at  maximum  eccentricity  will  amply 
account  for  the  glacial  climate  by  its  direct  effect,  without  any  agency 
of  ocean  currents  being  needed* 
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43.  On  the  Metamorphic  Rocks  surrounding  the  Land's-End  Mass  of 

Granite.     By  S.  Allport,  Esq.,  F.G.S.     (Read  June  21, 1876.) 

[Plate  XXTTT.] 

In  the  following  notes  I  propose  to  lay  before  the  Society  the  results 
of  a  microscopical  examination  of  certain  metamorphic  rocks  sur- 
rounding the  Land's-End  granite.  In  doing  so  my  principal  object 
will  be  to  point  out  the  structural  and  mineralogical  changes  pro- 
duced in  clay-elates  and  certain  igneous  rocks  by  the  intrusion  of  a 
mass  of  granite,  and  also  to  compare  the  phenomena  of  contact- 
metamorphism  with  those  produced  by  other  agencies  in  rocks  of 
similar  character  at  a  distance  from  the  granite. 

On  referring  to  the  map  of  the  Geological  Survey  of  Cornwall,  it 
will  be  seen  that  in  the  vicinity  of  Penzance  the  granite  is  sur- 
rounded by  a  belt  of  altered  Devonian  slates  extending  from  St.  Ive's 
Bay  on  the  north  coast  to  a  point  a  little  beyond  Mount's  Bay  on 
the  south ;  they  also  occur  along  the  coast  north-east  of  Cape  Corn- 
wall, and  reappear  in  the  same  direction  at  Porthmear  Cove  and 
near  Zennor.  The  so-called  greenstones  occur  in  four  distinct 
groups,  also  round  the  outskirts  of  the  same  mass  of  granite,  viz. 
around  Penzance  and  in  the  other  localities  just  mentioned.  In  all 
cases  they  are  represented  as  occurring  in  the  altered  slates  either  at 
a  short  distance  from  the  granite  or  in  actual  contact  with  it. 

A  microscopical  examination  of  both  these  groups  shows  at  once 
that  they  have  all  been  highly  metamorphosed,  and  that  the 
alteration  varies  greatly  in  character  and  extent  according  to  the 
nature  of  the  rock  and  its  distance  from  the  granite.  The  change 
observable  in  the  so-called  greenstones,  for  example,  differs  essen- 
tially from  that  produced  by  the  intrusion  of  the  granite  among  the 
clay-slates.  In  specimens  of  the  former,  taken  at  some  distance 
from  the  granite,  the  alteration  consists  principally  in  the  formation 
of  pseudomorphs  quite  similar  to  some  described  by  me  elsewhere  in 
the  Carboniferous  dolerites  of  Scotland ;  while,  nearer  the  granite, 
similar  rocks  have  been  completely  decomposed,  and  hornblende  has 
largely  replaced  the  original  constituents. 

The  action  of  the  granite  on  the  slates  in  immediate  contact  with 
it,  however,  has  been  far  more  direct  and  energetic,  the  result  being 
the  frequent  introduction  of  new  minerals,  and  the  conversion  of  an 
ordinary  clay-slate  into  a  crystalline  foliated  rock. 

On  approaching  either  of  the  granite  masses  of  Cornwall,  one 
cannot  fail  to  recognize  the  fact  that  the  clay-slates  gradually 
assume  a  different  character :  they  become  more  and  more  indurated 
and  are  traversed  in  all  directions  by  numerous  quartz- veins ;  they 
frequently  become  more  or  less  micaceous,  schorl  begins  to  make  its 
appearance,  and  at  the  junction  of  the  two  rocks  their  slaty  cha- 
racter has  in  many  cases  been  completely  obliterated.  In  the 
neighbourhood  of  Penzance  the  petrological  relations  of  the  granite 
to  the  adjacent  sedimentary  deposits  may  be  readily  observed  in 
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many  places.  At  Moutebole,  St.  Michael's  Mount,  aid  Gape  Con- 
wall,  where  good  junction*  are  exposed  on  the  shore,  there  it  not 
the  slightest  indication  of  a  gradation  from  one  to  the  other ;  die 
mas*  of  granite  eat*  sharply  through  the  slates,  and  has  thrown  oat 
numerous  reins,  both  large  and  small,  which  hare  penetrated  them 
in  various  directions.  In  all  soon  case*  the  slates  hare  evidently  been 
greatly  altered  along  the  Hne  of  junction ;  and  fragments  of  them 
hare  not  unfrequently  been  torn  eff,  and  are  now  enclosed  in  the 
granite.  There  can  be  no  question,  therefore,  that  the  granite  here 
presents  all  the  characters  of  an  intrusire  igneous  rock ;  and  it  will 
presently  be  seen  that  its  action  on  the  surrounding  strata  is  chiefly 
characterized  by  the  development  in  them  of  some  of  the  minerals 
which  constitute  its  own  mass,  and  that  occasionally  the  original 
lamination  of  the  fine  sedimentary  matter  has  been  replaced  by  a 
rery  distinct  foliated  texture.  It  should  be  stated,  however,  that  a 
decided  foliation  is  restricted  to  the  immediate  vicinity  of  the 
granite. 

Microscopical  Examtsatioy. 

L  Mctamorphic  Bocks  of  Sedimentary  Origin. 

Slates  in  contact  with  Granite. 

Hand-specimens  showing  the  junction  of  the  two  rocks  may  be 
obtained  with  a  little  trouble ;  and,  as  was  observed  in  the  case  of  the 
larger  masses,  the  altered  slates  never  pass  gradually  into  granite, 
but  present  a  distinct  line  of  separation  when  examined  by  the  naked 
eye  or  pocket-lens.  This  is  well  seen  in  PL  XXIII.  fig.  1,  drawn 
half  the  natural  size  from  a  polished  slab.  The  dark  streaks  on 
each  side  of  the  granite-vein  represent  folia  composed  of  tourmaline 
with  a  little  mica. 

Tourmaline-Schist. — Under  the  microscope  a  thin  slice  exhibits, 
however,  a  kind  of  junction  rather  difficult  to  describe  in  words. 
Both  rocks  then  appear  to  be  so  intimately  associated  together  as  to 
form  one  continuous  siliceous  mass ;  they  are,  in  fact,  so  completely 
blended  that  the  line  of  junction  can  only  be  recognized  by  the  pre- 
sence of  innumerable  grains  and  crystals  of  mica  or  tourmaline 
which  have  been  developed  in  the  slaty  portion  of  the  slice,  while 
the  opposite  half  presents  the  usual  crystalline  granular  texture  of 
granite.  This  is  the  appearance  presented  when  the  crystals  of 
mica  and  tourmaline  are  moderately  large  and  not  too  numerous ; 
when,  however,  they  occur  in  very  small  grains,  and  thickly  crowded 
together,  the  lino  of  junction  becomes  far  more  sharply  defined. 
PL  XXIII.  fig.  2  represents  a  junction  with  slate  from  Mouse- 
holo,  as  seen  in  a  thin  slice  cut  from  the  same  specimen  as  fig.  I. 
The  granite  has  here  cut  through  the  slate  obliquely  to  the  plane  of 
bedding ;  and  this  coincides  in  direction  with  certain  lines  of  folia- 
tion, in  which  small  grains  of  mica  and  tourmaline  are  arranged  in 
irregular  streaks  alternating  with  narrow  bands  and  lenticular 
patches  of  quartz.     The  folia  containing  the  larger  grains  consist 
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almost  exclusively  of  brown  tourmaline  (dark  shade  in  figure), 
together  with  good  examples  of  its  micaceous  or  chloritic  pseudo- 
morphs ;  and  the  intervening  layers  are  composed  of  finely  granular 
quartz,  sometimes  clear  and  colourless,  but  more  frequently  stained 
by  a  brown  colouring  matter,  also  disposed  in  parallel  bands.  We 
have  here,  therefore,  an  example  of  the  conversion  of  a  clay-slate 
into  a  somewhat  micaceous  tourmaline-schist.  Another  specimen, 
also  taken  close  to  the  granite,  and  within  twenty  yards  from  the 
one  just  described,  is  a  still  more  characteristic  example  of  a  tour- 
maline-schist ;  it  consists  wholly  of  folia  of  crystalline  granular 
tourmaline  alternating  with  others  of  quartz,  as  seen  in  PL  XXIII. 
fig.  3.  The  entire  section  is  drawn  twice  the  natural  size,  and 
represents  accurately  the  relative  proportions  of  the  two  minerals. 
The  tourmaline  does  not  occur  in  distinct  crystals,  but  appears  to 
have  run  in  among  the  grains  of  quartz,  and  to  be  moulded  on  to 
them,  as  shown  in  fig.  4,  which  is  a  small  portion  of  the  same  sec- 
tion magnified  50  times. 

Mica-schist. — In  the  same  locality,  and  at  a  distance  of  a  few  yards 
only,  a  different  bed  of  slate  has  been  converted  into  mica-schist. 

The  mica  is  a  reddish-brown  lepidolite,  the  crystals  of  which  occa- 
sionally contain  laminae  of  a  pale  green  colour ;  a  little  schorl  also 
occurs  here  and  there  along  the  line  of  junction ;  and  in  one  slice 
there  are  three  small  veins  of  well-crystallized  tourmaline  showing 
the  prisms  arranged  nearly  at  right  angles  to  the  sides. 

In  a  very  fine-grained  compact  schist,  also  in  contact  with  the 
granite,  the  mass  of  the  rock  is  crowded  with  innumerable  minute 
scales  of  lepidolite  arranged  in  undulating  lines  interspersed  with 
narrow  stripes  of  clear  quartz. 

The  junction  of  the  two  rocks  is  here  very  sharp  and  well  denned. 

A  section  of  the  fine-grained  schist,  at  about  15  feet  from  the 
granite,  exhibits  a  most  remarkable  arrangement  of  both  quartz  and 
mica,  as  shown  in  Plate  XXIII.  fig.  5.  The  general  appearance  is 
that  of  an  irregular  foliation  produced  by  the  linear  grouping  of  nume- 
rous red  spots,  each  surrounded  by  a  clear  ring,  and  alternating  with 
narrow  bands  of  red  mica  and  strings  of  quartz.  In  the  figure,  the 
clear  spaces  are  quartz  containing  either  extremely  minute  specks  of 
mica,  or  none  whatever ;  the  granular  parts  consist  of  numerous 
larger  flakes,  thickly  crowded  together,  with  small  grains  of  mag- 
netite disseminated  here  and  there  among  them.  In  this  case  the 
two  constituents  are  not  merely  foliated  in  the  usual  way,  but  have 
also  undergone  a  further  process  of  segregation  into  spheroidal  and 
elliptical  nodules.  This  structure  is  well  brought  out  in  polarized 
light ;  for  the  clear  crystalline  quartz  forming  the  oval  rings  then 
exhibits  colours  differing  from  that  of  the  surrounding  parts,  and 
the  nodules  thus  appear  to  be  distinctly  separated  from  them. 
Concurrently  with  this  process  of  rearrangement  and  partial  crys- 
tallization of  the  silica,  some  of  the  flakes  of  mica  became  crowded 
together  in  clusters  towards  the  centre,  while  others  were  at  the 
same  time  pressed  outwards  so  as  to  occupy  the  angular  spaces  and 
lines  between  the  numerous  adjacent  nodules.     Moreover  all  the 
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t-*r^jo»  are  eJosrtred  in  the  direction  of  the  irregular  planes  of 
f  l^tS>a, — a  eiear  indication.  I  think,  that  in  this  instance  metav- 
m-rr&sm  tk  efretcd  unier  an  amount  of  pressure  sufficient  to 
interfere  with  the  process  of  errata  lti  ration ;  or  possibly  the  nodules 
were  originally  spherical  and  were  forced  into  their  present  farm 
while  the  mass  was  in  a  somewhat  plastie  condition. 

A  sr^LT^Iarir  interertinr  example  of  metam>rphism  is  afforded  by 
a  sp*rha~n  of  altered  slate  from  Botallack,  collected  close  to  the 
pr&r.r:e,  and  represented  in  PL  XXIII.  fig.  6.     On  examining  m 
thin  slice,  the  first  thin?  that  strikes  one  is  the  oocnrrenoe  of  innu- 
ment-le  minute  black  grains  of  magnetite  arranged  in  rather  wavy 
lines  of  filiation,  which  traverse  the  section  from  side  to  side,  and 
oecasi'-ioaliy  bead  roiad  small  patches  of  quartz.     Then  there  are 
numerous  l->ng  flat  h!vks  of  nearly  colourless  tremolite,  many  of 
which  are  arranged  in  radiating  groups,  while  others  lie  at  all 
anises  to  each  other :  and  thickly  scattered  through  the  qnartzose 
matrix  there  are  crowds  of  small  flakes  of  lepidolitc,  none  of  which 
are  to  be  found  in  the  tremolite.     The  most  remarkable  and  inter- 
esting p^int  is.  that  the  undulating  parallel  lines  of  black  granules 
pass  uninterruptedly  from  the  base  through  and  across  the  blades  of 
tremolite.  several  of  which  are  thus  traversed  by  two  or  three  rows 
of  granules  ;  and  as  the  flakes  of  mica  also  contain  them  in  consi- 
derable numbers,  it  is  evident  that  the  black  grains  must  have  been 
arranged  in  lines  prior  to  the  crystallization  of  either  tremolite  or  mica. 
We  have  here.  I  think,  the  distinct  record  of  two  great  changes  in 
the  structure  of  the  rock — first  its  conversion  into  foliated  schist, 
and  subsequently  the  development  in  it  of  the  tremolite.      But, 
during  the  process  of  crystallization  of  this  mineral,  the  structural 
character  of  the  mass  became  greatly  changed ;  and  the  final  result 
has  been  the  production  of  a  highly  crystalline  rock  in  which  the 
bands  of  black  granules  constitute  the  only  vestige  of  its  previous 
foliated  texture. 

There  is  no  doubt  as  to  the  hornblendk  character  of  the  bladed 
prisms ;  for,  by  cutting  slices  at  right  angles  to  each  other,  there  are 
seen  several  excellent  transverse  sections  of  the  four-sided  prism  with 
opposite  angles  of  124°  3*. 

Cape  ComwaXL — Specimens  containing  junctions  of  granite  and 
slate  from  Cape  Cornwall  present  the  same  general  characters  as 
those  from  Mousehole,  but  also  occasionally  afford  some  interesting 
varieties  of  texture.  In  one  thin  slice  the  granite  contains  many 
small  crystals  of  tourmaline  irregularly  scattered  through  it,  while 
parallel  with  the  line  of  junction,  yet  still  well  within  the  granite, 
they  form  a  narrow  band  composed  of  numerous  prisms,  and  associ- 
ated with  them  are  many  plates  of  white  mica ;  then  there  is  a  well- 
defined  sharp  junction  with  a  fine-grained  micaceous  schist  con- 
sisting of  green,  white,  and  red  mica,  together  with  quartz  and 
tourmaline.  Close  to  a  large  granite-vein  seen  on  the  shore,  there 
is  an  imperfectly  foliated  schist  of  very  similar  character  to  the  one 
previously  described  from  Botallack:  it  contains  similar  lines  of 
black  granules  and  red  mica ;  but  instead  of  tremolite,  there  is  a  clear 
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mineral  which  may  be  andalosite ;  it  gives  moderately  bright  colours 
in  polarized  light ;  but  as  it  only  occurs  in  granular  patches  and 
irregular  plates  closely  aggregated,  I  have  not  been  able  to  make  a 
satisfactory  determination  of  it. 

St  Michael's  Mount. — At  the  well-known  junction  of  the  granite 
and  slate  on  the  south  side  of  the  Mount,  a  porphyritic  granite 
occurs  in  contact  with  a  fine-grained  mica-schist  of  dark-purple 
colour,  the  junction  being  very  sharp  and  well  defined.  The  granite 
contains  a  few  small  prisms  of  tourmaline ;  the  mica  is  white,  while 
that  in  the  altered  slate  is  deep  red. 

A  thin  slice  showing  both  rocks  contains  a  narrow  vein  extending 
from  the  granite  through  the  slate  at  right  angles  to  the  line  of 
junction ;  it  is  filled  with  white  mica  and  a  little  quartz,  and  along 
both  sides  numerous  flakes  of  red  mica  are  thickly  crowded  together, 
being  of  larger  size  than  in  other  parts  of  the  slice.  Another  speci- 
men from  the  Mount  is  a  fine-grained  white  granite  in  contact  with 
a  contorted  mica-schist,  the  diminutive  crumpled  folds  consisting  of 
red  mica  and  small  grains  of  magnetite.  The  crumpling  was  pro- 
bably not  caused  by  the  intrusion  of  the  granite,  as  the  pressure  by 
which  it  was  effected  evidently  acted  at  right  angles  to  the  line  of 
junction.  This  is  the  best  example  I  have  hitherto  observed  among 
Cornish  rocks  of  contortions  on  a  microscopic  scale.  The  structure, 
however,  is  far  more  fully  developed  in  other  localities ;  and  I  will 
conclude  this  portion  of  the  subject  with  a  brief  description  of  two 
specimens  selected  from  several,  for  which  I  am  indebted  to  Prof. 
Hull  and  Mr.  Wylie  ;  they  are  from  the  granitic  district  of  the  south- 
east of  Ireland,  where  the  granite  is  intrusive  in  Lower  Silurian 
slates. 

Plate  XXIII.  fig.  11  represents  the  metamorphosed  portion  of 
a  thin  slice  showing  the  junction  of  slate  and  granite  near  Ennis- 
corthy,  county  Wexford.  The  granite  is  of  medium  texture,  with 
black  mica  disseminated  through  the  mass.  The  altered  slate  is  very 
fine-grained  and  of  a  dark  colour ;  but  with  a  lens  there  may  be  seen 
numerous  small  specks  of  light  colour,  which  impart  to  it  an  appear- 
ance of  foliation. 

The  black  mica  of  the  granite  is  strongly  dichroic,  changing  from 
deep  reddish  brown  to  yellow ;  the  plates  are  often  broken,  ragged  at 
the  ends,  and  the  laminae  partially  separated  from  each  other.  The 
altered  slate  is  an  extremely  interesting  object.  It  is  an  imperfectly 
foliated  gneiss  containing  numerous  small  well-formed  crystals  of 
orthoclase  surrounded  by  innumerable  minute  flakes  of  brown  mica 
which  stream  round  them  in  flowing  lines ;  and  these  two  constitu- 
ents arc  enclosed  in  a  quartzo-felspathic  matrix.  This  specimen, 
and  others  in  my  possession,  show  that  some  of  the  Irish  Lower 
Silurian  slates  are  still  more  highly  altered  than  those  previously 
described.  Fig.  12  is  a  highly  contorted  mica-schist,  also  close  to  the 
Wexford  granite.  The  micaceous  layers  and  alternating  clear  spaces 
frequently  contain  Belonites,  which  always  lie  with  their  long  axes 
in  the  ever-varying  planes  of  the  contortions.  I  have  omitted  them 
in  the  figure,  as  it  is  quite  sufficiently  complicated. 
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Id  this  instance,  the  lateral  pre—re  hm  reduced  the 
of  the  rock  in  one  direction  to  about  two  think  of  its  original 
volume. 

As  previo^y  stated,  the  extreme  ■ilimiai«smi  of  the  Corn* 
alates  extends  to  a  very  short  distance  only  front  die  granite;  indurated 
slates  traversed  by  quartz- veins  then  occupy  a  nmeh  wider  aone ;  and 
the  rocks  at  a  «tiU  greater  distance  are  ordinary  "  kiDaa  "  or  day- 
slate,  having  a  more  or  leaf  distinct  alatj  cleavage,  but  differing 
greatly  in  texture  and  mineral  constitution  from  thoae  just  de- 
scribed. 

As  is  well  known,  nearly  all  the  Cornish  granite  is  sclioilaceoua ; 
and  it  also  rery  frequently  contains  two  varieties  of  miea,  the  prin- 
cipal mass  consisting  aa  usual  of  quartz  and  felspar.  Now,  of  these 
constituents,  felspar  is  the  only  one  absent  from  the  altered  slates ; 
it  is  stated,  however,  by  De  la  Beehe  that  in  other  Cornish  localities 
rocks  of  gneiasic  character  are  found  in  contact  with  granite. 

The  facts  observed  appear  therefore  to  warrant  the  conclusion 
that  the  intrusion  of  the  granite  has  not  only  altered  the  structure 
of  the  slates,  but  has  also  developed  in  them  some  of  ita  own  eon- 
stituents.  De  la  Beehe  was  evidently  inclined  to  adopt  this  view  of 
the  introduction  of  mineral  matter  from  the  adjoining  granite ;  and 
he  concludes  his  observations  on  the  subject  with  the  following 
remark: — "It  is  difficult  to  conceive  that  nothing  should  have 
escaped  from  the  hot  fluid  granite  in  the  shape  of  vapour  into  the 
pores  and  cracks  of  the  adjoining  disrupted  beds,  or  thai,  when  the 
mass  was  sufficiently  cool  to  allow  water  to  permeate  among  both 
rocks  at  a  high  temperature,  some  modifying  combinations  were  not 
then  produced  "*. 

Summary. 

It  appears  from  the  preceding  investigations  that  the  alteration  of 
the  slates  in  contact  with  the  granite  has  been  of  two  kinds,  minera- 
logical  and  structural.  1.  The  minute  particles  of  an  ordinary  clay- 
slate  have  been  replaced  by  crystalline  quartz,  tourmaline,  and  three 
distinct  varieties  of  mica,  to  which  tremolite,  magnetite  (and  anda- 
lusite  ?)  have  occasionally  been  added,  and  in  other  localities  felspar 
also  occurs. 

2.  The  texture  produced  by  the  grouping  of  these  minerals  is 
various,  the  two  most  remarkable  being : — A,  foliation  more  or  less 
perfect,  with  every  gradation  from  nearly  straight  parallel  lines  to 
the  most  complicated  contortions ;  and  B,  concretionary,  showing  a 
decided  tendency  to  segregation  of  both  quartz  and  mica,  the  result 
being  a  spotted  schist. 

Minerals  produced  by  Metamorphic  action. 

The  minerals  by  which  the  foliated  schists  are  characterized  are 
quartz,  tourmaline,  and  mica ;  each  of  them  presents  special  points 

*  Report  on  the  Geology  of  Cornwall,  p.  270. 
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of  interest,  which  it  may  be  convenient  to  consider  apart  from  the 
descriptions  of  the  rocks  themselves. 

Quartz. — The  strata  near  the  granite  are  far  more  highly  silicatod 
than  those  at  a  distance  from  it ;  and  there  can  be  no  donbt  that 
much  of  the  quartz  has  been  derived  directly  from  the  intruded 
rock. 

In  thin  sections,  showing  the  junction  of  the  two  rocks,  there  are 
many  microscopic  quartz-veins  extending  from  the  granite  across  the 
slate ;  they  are  not  fissures  traversing  both  rocks,  but  commence  at 
the  sharp  line  of  junction,  and  are  seen  in  the  slate  only :  they  are 
continuous  with  the  quartz  of  the  granite,  and  sometimes  contain 
small  quantities  of  felspar  or  mica. 

A  great  part  of  the  quartz  may  nevertheless  have  been  produced 
by  a  more  or  less  complete  decomposition  of  the  constituents  of  the 
original  sedimentary  deposit;  the  aluminous  and  other  portions 
would  then  be  removed,  leaving  the  silica  free  to  rearrange  itself 
and  form  the  separate  folia.  That  movements  of  this  kind  have 
taken  place,  and  that  the  mass  was  at  one  time  in  a  plastic  state,  is 
evident  from  the  fact  that  the  quartz  was  often  injected  into  fine 
fissures,  and  very  frequently  has  enclosed  in  it  crystals  of  tourmaline 
and  mica. 

One  of  the  most  interesting  points  connected  with  this  mineral  is 
the  number  of  minute  fluid-cavities  with  which  it  is  so  frequently 
crowded. 

Fluid-cavities. — Fluid-cavities  are  abundant  in  the  quartz  of  the 
large  masses  of  granite,  in  that  forming  the  veins,  in  the  schorl  rock, 
and  in  the  altered  slates. 

I  have  examined  very  many  of  these  cavities  with  excellent  objec- 
tives, and  have  satisfied  myself  beyond  a  doubt  that  there  is  very 
great  irregularity  in  the  relative  sizes  of  the  cavities  and  vacuities, 
not  only  in  different  parts  of  the  same  mass  of  rock,  but  even  in 
single  crystals  or  grains  of  quartz. 

A  remarkable  example  occurs  in  the  granite  in  contact  with 
altered  slate  at  Mousehole ;  in  a  single  grain  of  quartz  there  are 
several  fluid-cavities  containing  active  bubbles,  three  of  which  ex- 
hibit widely  different  proportions  to  the  size  of  the  cavities. 

There  are  also  not  a  few  cavities  which  appear  to  be  quite  filled 
with  a  fluid  of  similar  refractive  power  to  that  containing  bubbles. 
There  are  also  very  many  cavities  containing  cubic  crystals  in  addi- 
tion to  liquid  and  vacuity ;  these  are  shown  by  Mr.  Sorby  to  be 
either  sodic  or  potassic  chloride,  and  are  no  doubt  preserved  in  a 
saturated  solution ;  the  fluid  is  probably  therefore  of  a  different  den- 
sity from  that  in  which  there  are  no  such  crystals.  That  the  den- 
sity of  the  liquid  varies  considerably  in  different  cavities  is  quite  evi- 
dent, however,  from  direct  observation ;  for  on  rotating  the  stage  of 
the  microscope  in  order  to  cause  the  bubble  to  move  from  one  end 
of  a  cavity  to  another,  the  motion  is  comparatively  rapid  in  some, 
while  it  is  so  sluggish  in  others  as  to  be  more  like  the  rise  of  a 
bubble  in  oil  than  in  water. 

Considering  these  difficulties,  and  the  impossibility  of  obtaining 
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aocurate  measurements,  I  find  myself  compelled  to  differ  from  the 
views  maintained  by  Mr.  Sorby  in  his  well-known  and  valuable 
paper  on  the  "  Microscopic  Structure  of  Crystals,"  and  which  have 
been  adopted  by  Mr.  Ward  in  his  memoir  on  the  granitic  rocks  of 
the  Lake-district,  recently  communicated  to  this  Society0. 

A  reference  to  Mr.  Sorby's  paper  will  show  that  his  calculations 
are  founded  on  the  following  assumptions : — 

1.  That  the  cavities  were  exactly  filled  with  the  fluid  at  the  time 
the  crystals  were  formed. 

2.  That  the  vacuity  was  produced  solely  by  contraction  on  cool- 
ing; and 

3.  That  the  quartz  of  the  various  igneous  rocks  crystallized  at 
about  360°  C,  a  temperature  assumed  to  be  that  at  which  the  tra- 
chyte of  Ponza  might  probably  have  been  formed  under  a  pressure 
of  about  4000  feet  of  rock. 

If  the  first  two  assumptions  were  true,  it  would  of  course  follow 
that  the  relative  size  of  the  cavity  and  bubble  ought  to  be  the  same 
in  all  quartz  crystals  found  in  any  small  portion  of  a  rock,  as, 
according  to  the  hypothesis,  they  must  necessarily  have  been  formed 
at  the  same  time  and  under  the  same  conditions.  This,  however,  is 
so  far  from  being  the  case,  that  it  is  difficult  to  find  any  speci- 
men in  which  such  uniformity  exists.  This  difficulty  appears, 
in  fact,  to  have  presented  itself  to  Mr.  Sorby,  who  admits  (p.  487) 
that  "  there  is  sometimes  a  passage  from  fluid-  to  vapour-cavities 
as  if  there  had  been  an  alternation  of  liquid  and  vapour  or  gases ; 
both  of  which  circumstances  would  be  likely  to  occur ; "  and  again, 
when  describing  certain  vapour-cavities  in  the  quartz  of  granite,  he 
says  (p.  488)  that  they  "  gradually  interfere  with  and  pass  into  fluid- 
cavities." 

Now  the  extremely  probable  occurrence  of  an  intermixture  of 
fluid  and  gases  ought  surely  to  be  regarded  as  sufficient  to  invalidate 
any  argument  founded  on  the  presence  of  a  fluid  only.  It  may  afford 
a  satisfactory  explanation  of  the  great  irregularity  which  certainly 
does  exist  in  the  relative  dimensions  of  the  bubble  to  the  liquid ;  but, 
as  it  is  quite  impossible  to  decide  in  what  particular  cases  vapour  of 
some  kind  may  have  been  enclosed  together  with  the  fluid,  it  is 
difficult  to  see  the  value  of  any  calculations  based  on  such  data. 

An  escape  from  the  difficulty,  however,  is  suggested  by  Mr.  Sorby 
who  8ays(p.  473): — "  In  determining  the  relative  size  of  the  vacuities 
in  fluid-cavities,  of  course  care  must  be  taken  not  to  make  use  of 
such  as  have  caught  up  bubbles  of  gas  along  with  the  fluid,  which  is 
more  likely  to  have  happened  with  large  cavities  than  with  small. 
There  is  also  a  greater  risk  of  the  large  coming  across  flaws  in  the 
crystal,  so  as  to  lose  fluid.  The  very  minute  should,  however,  be 
avoided.  It  is  therefore  better  to  select  those  of  moderate  size, 
which  have  vacuities  of  very  uniform  relative  magnitude  in  parts 
where  vapour  or  gas-cavities  do  not  occur  and  the  crystal  is  very 
solid."  Now,  as  to  the  directions  here  given,  I  would  observe  that 
it  certainly  would  be  better  to  avoid  such  cavities  as  have  caught 
*  Quart.  Journ.  Geol.  Soc.  vol.  xxii.  p.  571. 
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xip  bubbles  of  gas,  if  one  only  knew  how  to  recognize  them ;  there 
appears,  however,  to  be  no  reason  why  gases  should  not  have  been 
mingled  with  water  in  various  proportions,  and  have  become  enclosed 
in  the  cavities,  so  that  the  latter  were  never  exactly  filled  with  fluid 
only ;  nor  is  it  by  any  means  clear  why  large  cavities  should  be 
more  likely  to  contain  both  than  the  small  ones0.    As  regards  flaws 
by  which  fluid  may  have  been  lost,  it  is  not  likely  that  an  experi- 
enced observer  would  be  misled  by  them  or  by  a  partial  drainage 
caused  by  grinding  down  the  sections,  as  suggested  by  Mr.  Ward. 
Whatever  may  be  the  cause  of  the  discrepancy,  it  is  quite  certain, 
from  an  examination  of  a  great  number  of  Cornish  rocks,  that  the 
ratio  of  the  bubble  to  the  cavities  is  not  constant  in  the  same  rock, 
or  even  in  the  same  crystals,  whether  the  cavities  be  large  or  small. 
This  is  a  fact  which  may  be  readily  ascertained  without  making  a 
single  measurement  by  any  one  moderately  experienced  in  micro- 
scopic work,  and  is  even  apparent  in  the  Tables  given  by  Mr.  Ward, 
and  in  the  figures  in  his  plate  xxx. ;  it  is  moreover  a  fact  of  pri- 
mary importance  in  these  investigations,  and  appears  to  me  abso- 
lutely fatal  to  even  an  approximate  estimation  of  either  temperature 
or  pressure.    In  conclusion,  it  can  scarcely  be  necessary  to  point 
out  that  if  it  be  permitted  to  select  such  cavities  as  have  a  very 
uniform  relative  magnitude,  and  also  to  assume  a  standard  tempera- 
ture for  the  process  of  crystallization,  there  can  be  no  difficulty  in 
obtaining  concordant  results  as  to  the  amount  of  pressure  under 
which  the  rocks  were  formed. 

Moreover,  a  mean  value  obtained  from  a  selected  number  of 
measurements  or  by  rejecting  others  that  appear  to  be  extreme 
eases,  can  obviously  be  of  no  value  whatever  as  a  basis  for  exact 
calculation. 

The  supposed  exceptions  are,  in  fact,  far  too  numerous  to  be 
ignored ;  and  it  will  be  admitted  that  no  theory  as  to  the  origin  of 
these  cavities  can  be  satisfactory  unless  it  includes  all  the  facts 
observed. 

Tourmaline. — The  black  tourmaline  (or  schorl)  is  usually  of  a  rich 
brown  colour  as  seen  in  thin  slices;  but  yellow,  grey,  and  blue 
varieties  are  not  uncommon,  and  in  one  specimen  of  a  schorl  rock 
from  the  Land's  End  blue  crystals  (indicolite)  are  far  more  abundant 
than  the  brown. 

The  phenomena  of  dichroism  and  absorption  are  strongly  marked, 
except  in  the  comparatively  rare  case  when  a  prism  happens  to  be 
cut  at  right  angles  to  the  principal  axis.  On  rotating  the  polarizer 
(the  analyzer  being  removed)  the  colour  changes  from  a  rich  brown 
to  pale  yellow,  and  in  the  blue  varieties  from  blue  to  a  nearly 
colourless  grey. 

Many  crystals  exhibit  a  fine  blue  in  one  part  and  brown  in 
another ;  and  not  unfrequently  the  arrangement  of  the  two  colours 
appears  to  be  closely  connected  with  the  crystalline  form  and  the 
mode  of  growth.    This  is  well  seen  in  PI.  XXIII.  fig.  7,  in  which  a 

*  It  must  be  remembered  that  all  these  cavities  are  of  microscopic  dimen* 
sions. 

Q.J.G.S.  No.  128.  2e 
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transverse  section  of  a  polygonal  prism  exhibits  alternating  bands  of 
blue  and  brown. 

Of  this  arrangement  I  have  observed  several  examples  in  "  schorl 
rock"  from  Cape  Cornwall ;  and  there  are  excellent  examples  of  bine 
and  brown  tourmaline  in  one  of  the  schorlaeeous  granite-veins  near 
Ifousehole:  the  central  portion  consists  of  the  usual  schorl  rock, 
gradually  passing  into  fine-grained  granite  on  each  side,  the  width 
of  the  vein  being  about  14  inches. 

The  mode  of  occurrence  and  the  various  crystalline  forms  of  this 
mineral  present  several  points  of  interest.  The  well-known  "  schorl 
rock,"  which  occurs  so  frequently  in  the  Cornish  granite,  consists  of 
a  mass  of  crystalline  granular  quartz,  in  which  distinct  crystals  of 
tourmaline  are  often  enclosed ;  frequently,  however,  the  latter  has 
no  definite  crystalline  form,  and  then  occupies  the  interstices  be- 
tween the  grains  and  crystals  of  quartz,  presenting  the  appearance 
of  having  run  in  among  them  in  the  form  of  long  straggling  bands. 
In  such  cases  the  tourmaline  is  not  always  in  a  granular  state ;  for 
some  of  the  long  branching  arms  prove  to  be  portions  of  a  single 
crystalline  mass,  the  action  of  which  on  polarized  light  is  uniform 
over  the  whole  surface.  Although  the  assumption  of  a  regular  crys- 
talline form  may  thus  be  prevented  by  the  presence  of  other  rigid 
bodies  in  sufficient  quantity,  yet,  on  consolidation,  the  molecular 
grouping  of  the  elements  is  precisely  the  same  as  though  no  such 
interference  had  taken  place;  for,  as  we  have  seen,  an  irregular 
shapeless  mass  may  possess  the  same  optical  properties  as  a  perfect 
crystal.  In  specimens  like  the  one  here  mentioned  the  tourmaline 
occurs  in  comparatively  small  quantity,  while  in  others  it  consti- 
tutes a  very  considerable  proportion  of  the  mass,  and  then  forms 
more  or  less  perfect  crystals,  in  which  quartz  grains  are  enclosed. 
Between  these  extremes  there  is  every  possible  gradation. 

It  is  evident,  therefore,  that  in  some  cases  the  quartz  solidified 
before  the  tourmaline ;  for  it  has  impressed  its  form  on  the  latter ; 
in  other  specimens,  however,  long  prisms  of  schorl  may  be  seen  to 
traverse  one,  or  even  several  grains  of  quartz,  which  had  evidently 
not  solidified  when  the  prisms  were  enclosed.  It  appears,  therefore, 
from  these  facts,  that  when  the  schorl  rook  separated  from  the 
granite  the  entire  mass  must  have  been  in  a  plastic  state,  and  that, 
in  accordance  with  varying  conditions,  either  of  the  two  minerals 
might  be  the  first  to  crystallize. 

In  the  granite  itself  the  tourmaline  and  quartz  present  precisely 
the  same  relations  as  in  the  schorl  rock :  sometimes  both  are  inter- 
stitial and  appear  to  have  crystallized  together ;  yet  not  unfrequently 
the  schorl  must  have  been  the  first  to  consolidate. 

Small  well-formed  crystals  frequently  occur  in  the  quarts  of  the 
granite,  of  the  schorl  rock,  and  of  the  altered  slates,  and  in  many 
cases  are  built  up  of  minute  acicular  prisms,  which  project  from  one 
end  of  the  crystal,  while  the  other  is  perfectly  terminated,  as  seen  in 
PL  XXIII.  figs.  8,  9,  &  10.  The  specimen  in  which  they  occur 
was.  broken  off  close  to  the  granite,  and  consists  of  fragments  of  slate 
and  granite  intermingled  with  quartz  containing  tourmaline  and 
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chlorite;  the  dear  quartz  is  crowded  with  fine  crystals  of  both 
minerals ;  and,  in  addition  to  individual  crystals  scattered  through 
the  mass,  numbers  of  small  tourmalines  are  collected  together  and 
form  most  beautiful  microscopic  groups  of  radiating  prisms.  Being 
set  in  clear  colourless  quartz,  they  are  exquisite  objects  in  polarized 
light. 

Alteration. — Many  of  the  rocks  here  described  contain  excellent 
examples  of  the  alteration  of  tourmaline,  and  the  process  may  be 
observed  in  various  stages. 

Chloritic  pseudomorphs  are  formed  by  the  gradual  conversion  of 
a  crystal  into  a  green  substance  which  exhibits  no  bright  colours, 
but  shows  the  distinctive  characters  of  aggregate  polarization,  and 
under  a  magnifying  power  of  200  is  seen  to  consist  of  a  mass  of 
confused  fibrous  bundles.  In  other  cases  the  fibrous  structure  is 
indistinct,  and  there  are  vermicular  crystals  in  various  stages  of 
formation. 

Other  pseudomorphs  appear  to  be  micaceous ;  some  of  the  plates 
exhibit  distinct  cleavage-fines,  and  they  are  slightly  dichroic,  chan- 
ging from  a  light  yellowish-green  to  a  darker  shade ;  the  absorption 
of  light,  however,  is  considerable. 

These  pale  green  substances  show  very  clearly  how  greatly  the 
absorptive  property  of  minerals  depends  on  the  dissemination  through 
them  of  minute  quantities  of  colouring-matter :  many  of  them  con- 
tain extremely  minute  black  grains,  which  form  the  nuclei  of  indi- 
stinct spots  of  a  barely  perceptibly  darker  shade  than  the  light  yellow 
parts ;  the  shade  deepens,  however,  as  the  polarizer  is  rotated,  and 
they  gradually  become  dark  opaque  spots,  devoid  of  any  well- 
defined  edge,  but  strikingly  different  from  the  surrounding  parts. 

Lithia  Mica. — In  the  altered  slates  and  granite  there  are  three 
varieties  of  mica,  which  may  be  readily  distinguished  from  each  other 
under  the  microscope ;  they  occur,  however,  in  such  small  flakes  that 
it  is  impossible  to  obtain  sufficient  for  chemical  analysis  or  optical 
examination  in  the  usual  way.  1.  A  dark  brown  mica,  resembling 
biotite  in  its  action  on  polarized  light,  changing  from  light  yellowish- 
brown  to  very  dark  brown,  and  nearly  opaque.  2.  Red  mica,  which 
also  exhibits  dichroism  and  absorption,  but  to  a  far  less  degree  than 
the  preceding.  3.  White  mica,  in  minute  scales,  having  a  pearly 
lustre.  I  have  examined  the  three  varieties  by  the  following  me- 
thod : — A  few  small  flakes  were  carefully  collected,  moistened  with 
fluoric  acid,  and  placed  on  a  platinum  wire,  then  exposed  to  the 
flame  of  a  Bunsen's  burner  and  examined  with  the  spectroscope. 
The  red  lithium-line  was  quite  distinct  in  all  three,  but  flashed  out 
more  brightly  and  remained  longer  in  the  case  of  the  white  mica 
than  in  the  others,  clearly  showing  a  larger  proportion  of  lithium. 
The  white  mica  is  probably  a  typical  lepidolite ;  and  I  think  that  the 
difference  in  the  absorptive  power  of  the  others  is  due  merely  to  the 
presence  of  a  little  more  ferric  oxide  in  one  of  them. 
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II.  Metamorphic  Bodes  of  Igneom  Origin. 
Alxbkkd  Doubters. 

The  rocks  remaining  to  be  described  are  the  "  Gremstons*"  ci  the 
Geological-Survey  map ;  a  few  of  them  would  doubtless  be  regarded 
as  diabase  or  melaphyr  by  some  authors,  and  since  the  publication 
of  the  geological  map  they  have  even  been  described  as  nothing  but 
altered  slates.  They  appear  to  have  been  correctly  mapped,  and  for 
the  most  part  rightly  named,  by  the  officers  of  the  surrey,  according 
to  their  use  of  the  term  greenstone.  These  rocks  vary  in  colour 
from  a  dark  bluish  green  to  dark  brownish  green,  and  afford  several 
varieties  of  texture.  Some  specimens  from  Tolcarn,  Penlee  Point,  and 
elsewhere  are  rather  coarsely  crystalline ;  they  are  not  fissile  in  any 
direction,  and  yield  with  difficulty  to  repeated  blows  of  the  hammer  ; 
while  other  portions  of  the  same  masses  are  either  fine-grained  ox 
compact,  and  possess  an  imperfect  slaty  cleavage.  The  coarsely 
crystalline  rocks  are,  as  I  shall  presently  show,  altered  dolerites; 
while  some,  if  not  all  of  the  more  compact  slaty  varieties  were 
originally  fine-grained  basaltic  portions  of  the  same  rocks,  but  have 
been  in  most  cases  so  highly  metamorphosed  as  to  be  almost  inca- 
pable of  recognition.  These  dark-coloured  rocks  are  locally  known 
as  blue  or  grey  elvans,  and  differ  greatly  in  appearance  from  the 
"kilks"  in  which  they  occur;  their  stratigraphical  relations  are, 
however,  not  quite  clear.  All  the  rocks  of  the  district  have  been 
greatly  disturbed ;  and  it  would  require  more  time  than  I  had  at  my 
disposal  to  determine  whether  these  masses  of  trap  are  contempo- 
raneous and  interbedded,  or  intrusive  sheets.  Probably  both  occur, 
as  frequently  happens  in  volcanic  districts,  and  may  thus,  in  either 
case,  belong  to  the  same  period  as  a  whole ;  but,  however  this  may 
be,  they  are  certainly  older  than  the  granite. 

A  good  example  of  the  coarsely  crystalline  variety  occurs  in  an 
old  quarry  at  Tolcarn,  between  Penzance  andNewlyu,  where  it  may 
be  seen  to  overlie  the  slate ;  and  on  ascending  the  hill,  slates  are 
again  found  above  it.  On  the  opposite  side  of  the  road  it  forms  a 
bold  rock,  and  also  appears  in  the  bottom  of  the  valley,  close  to  the 
new  church.  Thin  slices  of  the  least  altered  portions  of  the  rock 
exhibit  under  the  microscope  numerous  plates  and  crystals  of  augite 
in  various  stages  of  alteration,  many  comparatively  large  crystals  of 
felspar  (for  the  most  part  highly  metamorphosed),  grains  of  mag- 
netite, and  many  long  hexagonal  needles  of  apatite. 

These  original  constituents  are  enclosed  in  a  more  or  less  clear 
telepathic  matrix,  thickly  crowded  with  minute  green,  and  pale  brown* 
belonites,  together  with  flakes  of  hornblende,  which  give  the  gBneral 
colour  to  the  mass. 

The  augite  occurs  in  large  grains  of  irregular  shape,  and  also  in- 
distinct crystals.  The  central  parts  are  frequently  quite  unaltered*, 
but  are  usually  surrounded  by  a  border  of  fibrous  green  hornblende : 
sometimes  there  is  merely  a  central  grain  of  augite  remaining ;  and 
tfeeoe  are  numerous  examples  of  the  completion  of  the  process  by  its, 
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entire  conversion  into  hornblende.  Frequently,  however,  the  pro- 
duct of  alteration  is  a  dull  green  substance,  which  is  very  slightly  or 
not  at  all  dichroic.  In  the  first  sections  examined,  t}ie  rather  large 
irregular  plates  suggested  the  idea  that  the  pyroxenic  mineral  might 
be  diallage ;  but  the  absence  of  regular  cleavage-lines  and  the  occur- 
rence of  characteristic  forms  in  some  of  the  smaller  crystals  render 
it  far  more  likely  that  it  is  common  augite. 

A  comparison  with  the  beautiful  gabbro  of  Crousa  Down  ("  dial- 
lage rock")  on  the  one  hand,  and  with  several  Cornish  dolerites  on 
the  other,  also  tends  to  confirm  this  opinion ;  I  would,  however,  by 
no  means  venture  to  assert  that  diallage  is  never  present  in  the  more 
coarsely  crystalline  parts  of  the  rocks.  Although  the  felspar  has 
usually  suffered  an  extreme  amount  of  alteration,  there  is  neverthe- 
less unquestionable  evidence  of  its  presence  in  the  form  of  rather 
large  crystals. 

As  they  occasionally  penetrate  the  augite,  their  original  form  is 
perfectly  preserved,  and  in  two  specimens  of  the  Tolcarn  rock  there 
are  several  prisms  so  slightly  altered  that  they  still  exhibit  a  beau- 
tiful striatum;  there  can  be  no  doubt,  therefore,  as  to  the  true 
character  of  the  rock. 

Besides  the  minute  green  belonites  and  pseudomorphs  after  augite, 
there  are  numerous  larger  blades  and  flakes  of  dull  green  hornblende 
disseminated  through  the  base,  and  also  filling  cavities  and  veins. 

like  all  hornblende  it  exhibits  colours  in  polarized  light,  and  is 
dichroic ;  but  the  crystals  differ  in  character  from  those  occurring  in 
diorites  and  other  igneous  rocks,  nor  are  they  the  same  as  those 
forming  the  true  hornblende-schist  of  the  Lizard  district  for  ex- 
ample ;  they  have  often  the  character  of  aotinolite,  and  are  fre- 
quently aggregated  in  radiating  groups  composed  of  flat  blades  of 
a  bluish-green  colour,  and  not  very  translucent ;  occasionally,  how- 
ever, there  are  crystals  quite  similar  to  those  in  ordinary  hornblende- 
schist. 

In  one  specimen  of  the  Tolcarn  rock  they  fill  small  veins  and 
spaces  which  were  evidently  cavities  in  the  originally  felspathic  or, 
possibly,  glassy  matrix. 

In  many  places  the  rock  has  been  much  fractured,  and  fine  cracks 
have  broken  across  the  various  constituents,  and  have  been  subse- 
quently filled  by  actinolite,  with  here  and  there  a  little  pyrites.  One 
vein  has  been  filled  with  dear  quartz,  in  which  actinolite  has  also 
been  formed. 

A  careful  examination  of  the  mode  of  occurrence  here  described 
shows  conclusively  that  all  the  hornblende  of  these  rocks  is  a  pro- 
duct of  alteration ;  and  it  appears  highly  probable  that  a  continuation 
or  modification  of  the  process  would  produce  a  typical  hornblende- 
schist 

Certain  portions  of  these  metamorphosed  dolerites  are,  in  fact, 
half-formed  hornblende-schists,  which  only  require  the  addition  of 
foliation  to  render  the  transformation  complete. 

In  the  Tolcarn  rock  and  several  others  there  are  many  patches  of 
a  brown  colour,  and  only  dimly  translucent ;  they  have  a  distinct 
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angular  outline,  and  several  of  them  present  the  characteristic  Jams 
of  aggregations  of  magnetite.  Many  have  the  central  parte  occupied 
by  granular  patches  of  that  substance,  which  appear  to  be  corroded 
round  the  edges,  and  pass  gradually  into  the  brown  matter  in  sach  a 
way  as  to  indicate  that  the  latter  is  the  product  of  their  alteration. 
They  must*  I  think,  be  regarded  as  pseudomorphs  after  magnetite ; 
but  I  have  not  been  able  to  determine  their  composition. 

Their  mode  of  occurrence  is  precisely  that  of  magnetite,  being 
found  in  the  crystalline  constituents  and  in  the  matrix;  in  the  latter 
they  are  surrounded  by  innumerable  minute  flakes  of  brown  horn- 
blende or  mica,  while  that  at  a  short  distance  is  usually  green — a 
fact  clearly  indicating  the  diffusion  of  ferric  oxide. 

In  the  rocks  just  described  some  of  the  original  constituents  are  of 
considerable  size,  and  have  partially  preserved  their  former  character 
and  structure;  but  in  more  compact  varieties  the  minute  consti- 
tuents have  been  so  completely  decomposed  and  obliterated  as  to  be 
quite  unrecognizable  in  their  present  condition. 

A  specimen  of  this  kind  occurred  in  the  mass  of  rock  near  Tolcarn, 
one  part  of  a  large  block  being  coarsely  crystalline,  the  other  fine- 
grained— a  circumstance  of  common  occurrence  in  rocks  of  this 
character. 

In  a  thin  slice  of  the  compact  portion  the  most  conspicuous  con- 
stituent is  actinolite,  with  its  radiating  blades  and  flakes  either  fill- 
ing veins  or  thickly  disseminated  through  the  mass  in  small  patches, 
many  of  which  were  evidently  cavities.  These  are  everywhere  sur- 
rounded by  an  extremely  fine  granular  matrix  containing  many 
comparatively  clear  spaces.  Augite,  in  small  grains,  was  abundant, 
and  has  been  converted  into  a  brown  granular  substance. 

The  metamorphism  is  here  so  complete  that  there  are  no  distinct 
traces  of  any  crystalline  forms ;  it  is,  however,  quite  possible  that 
such  forms  may  never  have  existed ;  for  there  are  compact  basaltio 
rocks  of  various  geological  periods  having  a  minute  granular  or 
crypto-crystalline  texture ;  and  as  regards  the  felspar,  a  rock  from 
Clicker  Tor  (to  be  presently  described)  and  other  examples  show 
clearly  that  the  crystalline  form  is  frequently  quite  obliterated. 

An  examination  of  this  specimen  only  would  not  have  enabled  me 
to  determine  positively  its  igneous  origin ;  I  had  seen,  however,  that 
it  formed  part  of  a  crystalline  mass  of  unquestionable  character ;  and 
the  following  examples  not  only  afford  a  striking  illustration  of  the 
various  degrees  of  metamorphism  to  which  these  rocks  have  been 
subjected,  but  also  exhibit  every  gradation  from  an  obscure  speci- 
men like  the  one  just  described,  to  others  readily  capable  of  recog- 
nition. 

A  specimen  taken  from  an  old  quarry  in  Rose  Hill,  near  Castle 
Horaeck,  is  a  highly  altered  dolerite  intermediate  in  texture  between 
the  coarse  and  compact  varieties  just  mentioned.  The  remains  of 
the  felspar  prisms  are  still  traceable ;  and  there  is  the  same  minutely 
granular  texture ;  there  are  many  grains  of  magnetite  and  of  altered 
zranular  augite,  together  with  much  floooulcnt  green  matter,  but 
'ittle  clearly  recognizable  hornblende.     The  slice  is  traversed 
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by  a  vein  partly  filled  with  this  green  substance,  chlorite,  and  a  little 
imperfectly  crystallized  bine  tourmaline. 

This  specimen  was  originally  rather  vesicular,  as  it  contains  many 
well-defined  cavities  filled  with  the  green  substance. 

At  a  short  distance  from  the  place  just  mentioned  there  is  a  new 
quarry  in  the  same  mass ;  but  the  rock  is  in  a  different  stage  of 
alteration :  the  flocculent  green  substance  is  here  replaced  by  the 
usual  dull  green  hornblende ;  and  the  slice  is  traversed  by  a  quarts- 
vein  containing  numerous  blades  of  actinolite,  with  several  blue  and 
brown  crystals  of  tourmaline. 

Altered  Dolerites  from  other  localities. 

It  will  now  be  interesting  to  compare  these  Penzance  rocks  with 
others  having  similar  petrological  relations ;  and  a  reference  to  the 
map  will  show  that  such  may  be  found  on  the  east  and  west  sides  of 
the  Dartmoor  granite. 

Tavistock. — At  Peter  Tavy  the  rock  forming  Smear  Eidge  and  its 
prolongation  to  Cock's  Tor,  near  the  granite,  is  an  altered  gabbro  or 
dolerite,  some  specimens  having  a  coarsely  crystalline  texture,  while 
others  are  fine-grained ;  both  varieties  are  rather  less  altered  than 
the  Penzance  rocks,  and  are  therefore  important  for  comparison. 

In  the  coarsely  crystalline  variety  the  alteration  is  of  precisely 
the  same  character  as  that  described  in  the  Tolcarn  rock :  the  dial- 
lage  has  been  partially  converted  into  hornblende,  and  this  substance 
also  fills  veins  and  former  cavities;  the  felspar,  though  highly 
altered,  may  be  readily  recognized ;  and  there  are  the  same  pseudo- 
morphs  after  magnetite. 

In  a  fine-grained  specimen  of  the  same  mass  the  pyroxene  (appa- 
rently augite)  is  very  well  preserved,  but  the  felspar  is  completely 
decomposed,  being  represented  by  pale  green  pseudomorphs ;  the 
same  substance  also  fills  cavities,  several  of  which  contain  groups  of 
radiating  blades  of  tremolite. 

Brentor,  four  miles  north  of  Tavistock,  presents  many  of  the 
features  of  a  volcanic  mass,  being  chiefly  composed  of  purple  bedded 
ash,  together  with  scoriaceous  and  compact  trap  of  a  greenish-grey 
colour. 

The  latter  is  an  altered  basalt,  in  which  the  augite  occurs  in  small 
well-formed  crystals ;  it  has  suffered  little  or  no  alteration,  while 
the  felspar  is  converted  into  pale  green  pseudomorphs. 

The  mass  of  "  Greenstone,"  half  a  mile  north-east  of  Brentor,  is 
chiefly  ash  of  the  same  character  as  that  of  Brentor  itself.  On  the 
east  side  of  the  Dartmoor  granite  there  are  also  several  masses  of 
the  so-called  greenstone,  of  which  the  following  may  suffice  as  an 
example. 

Hennock>  N.E.  of  Bovey  Tracey. — This  mass  and  the  two  adjacent 
bands  of  trap  are  altered  dolerites.  Near  Hennock,  at  the  end 
furthest  from  the  granite,  some  specimens  of  the  rock  have  a  well- 
marked  porphyritic  texture,  many  rather  large  crystals  of  dull  white 
felspar  being  scattered  through  the  mass.     Under  the  microscope 
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this  mineral  is  seen  to  be  much  decomposed,  although  the  original 
striation  is  here  and  there  quite  distinct ;  the  augite  is  but  slightly 
altered,  and  many  of  the  crystals  are  well  developed. 

The  Baiter  Bock,  forming  part  of  the  same  mass,  but  nearer  the 
granite,  is  rather  ooarsely  crystalline,  dark  greyish-black  in  colour, 
and  without  felspar  porphyritically  enclosed.  A  thin  slice  exhibits 
quite  similar  characters  to  the  last,  except  that  the  augite  is  rather 
more  altered,  and  there  is  much  more  flocculent  green  matter  dis- 
seminated through  the  mass :  there  are  also  numerous  rather  large 
crystals  of  apatite,  which  appear  either  as  long  prisms  or  perfect 
hexagons. 

Si.  Austell. — At  a  place  called  the  "  Sanctuaries  "  near  this  town, 
and  just  outside  the  band  of  altered  slate  surrounding  the  granite, 
the  largest  mass  of  "greenstone"  is  also  an  altered  dolerite,  some 
parts  of  which  are  highly  instructive.  Part  of  the  augite  is  un- 
altered; some  of  the  crystals  have  assumed  a  brown  granular 
appearance,  while  others  have  been  converted  into  the  hornblendic 
substance  previously  described.  Apatite  is  abundant ;  felspar  cry- 
stals are  distinct,  though  much  altered ;  and  there  is  a  considerable 
quantity  of  actinolite,  filling  cavities  and  the. angular  spaces  be- 
tween the  larger  crystals. 

Helston. — The  "greenstone"  to  the  north  of  Helston  occupies 
precisely  the  same  relative  position  to  the  granite  as  the  rock  just 
mentioned.  The  specimens  examined,  however,  are  far  more  highly 
metamorphosed,  and  might  almost  be  described  as  hornblende-schist; 
the  original  character  of  the  rock  is  nevertheless  apparent  from  the 
remains  of  felspar  and  other  crystalline  forms. 

Having  described  several  examples  of  dolerites  occurring  among 
the  altered  slates  close  to  the  granite,  it  will  now  be  well  to  examine 
some  of  those  found  in  the  ordinary  "  killas,"  or  clay-slate,  at  a  dis- 
tance from  the  altered  band. 

Clicker  Tar. — This  hill  is  close  to  the  Menheniot  Railway  Sta- 
tion, about  three  miles  south-east  of  Iiskeard ;  it  forms  the  mass 
coloured  serpentine  on  the  map  of  the  Geological  Survey.  It  is  an 
elongated  ridge  having  a  nearly  east  and  west  direction,  and  rising 
rather  abruptly  from  the  surrounding  undulating  country ;  its  gene- 
ral aspect  is  quite  that  of  an  intrusive  mass ;  and  an  examination  of 
its  relations  to  the  adjaoent  deposits  shows  clearly  that  such  is  its 
true  character.  At  the  east  end  of  the  hill  all  the  rocks  are  well 
exposed  in  the  railway-cutting ;  and  in  the  section  exhibited  close  to 
the  station  Devonian  slates  are  seen  on  both  sides  of  the  central 
mass.  On  the  south-  side  the  line  of  junction  is  nearly  vertical, 
and  the  ends  of  the  highly  inclined  and  contorted  slates  He  directly 
against  the  trap.  Under  the  microscope,  a  thin  slice  of  the  in- 
trusive rock  exhibits  a  variegated  mass  of  pale  green  serpentine 
and  a  nearly  colourless  substance  intimately  blended  together; 
imbedded  in  this  matrix  there  are  numerous  pseudomorphs  after 
olivine,  and  irregular  plates  of  unaltered  augite  together  with  minute 
grains  of  magnetite  scattered  here  and  there  through  the  mass. 
The  pseudomorphs  after  olivine  are  of  two  kinds,  consisting  either 
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of  serpentine  or  the  white  substance  just  mentioned;  both  are 
highly  characteristic ;  the  crystalline  forms  are  perfectly  preserved, 
and  they  are  traversed  by  veins  representing  the  original  cracks  so 
generally  formed  in  this  mineral, 

In  one  slice  the  augite  is  also  greatly  altered ;  and  it  is  interesting 
to  compare  the  two  psendomorphs  side  by  side. 

Although  the  ground-mass  of  the  rock  exhibits  a  confused 
amorphous  appearance  both  in  ordinary  and  polarized  light,  we  are 
fortunately  not  left  in  doubt  as  to  the  nature  of  at  least  one  of  its 
original  constituents.  The  augite  frequently  encloses  highly  cha- 
racteristic pseudomorphs  after  felspar ;  some  are  completely  enclosed, 
while  others  are  only  partially  imbedded  in  it ;  the  mode  of  occur- 
rence is,  in  fact,  precisely  the  same  as  that  observed  in  the  altered 
gabbro  of  Corstorphine  Hill,  near  Edinburgh,  and  in  several  Scotch 
dolerites  described  by  me  on  a  previous  occasion*.  In  many  cases 
the  unaltered  augite  has  preserved  in  the  most  perfect  manner  the 
sharp  edges  and  angles  of  the  felspar  prisms ;  and  whenever  the 
latter  project  from  the  augite,  it  may  be  readily  seen  that  both  the 
enclosed  and  outlying  portions  have  been  converted  into  precisely 
the  same  serpentinous  substance  as  that  forming  the  ground-mass. 
It  should  also  be  noted  that,  in  the  case  of  partially  enclosed  prisms, 
only  those  sides  or  ends  which  have  impressed  their  shape  on  the 
augite  exhibit  a  crystalline  form,  the  outstanding  portion  being  quite 
undistinguishable  from  the  surrounding  mass. 

As  it  would  evidently  be  absurd  to  suppose  that  originally  there 
was  no  felspar  save  that  enclosed  in  the  augite,  there  can  be  no 
doubt  that  the  original  felspathic  matrix  has  been  completely  meta- 
morphosed, and  that  we  have  in  the  Menheniot  rock  a  highly  inter- 
esting and  instructive  example  of  the  conversion  of  an  intrusive 
oHvine-dolerite  into  a  mass  of  imperfectly  formed  serpentine. 

Near  Torquay  in  Devonshire  there  are  two  masses  of  eruptive 
rock  exposed  on  the  shore— namely,  in  Babbacombe  Bay,  and  on  the 
south  side  of  Anstis  Cove ;  they  are  intrusive  in  Devonian  slates  and 
limestone,  and  like  other  rocks  of  the  district  are  altered  dolerites. 
The  mass  in  Anstis  Cove  is  in  the  best  state  of  preservation ;  it  is 
rather  coarsely  crystalline,  of  a  dark  green  colour,  and  consists  of 
augite,  small  prisms  of  triclinio  felspar,  apatite,  and  magnetite. 
Some  of  the  augite  is  but  slightly  altered ;  there  is  a  little  pale-green 
serpentine  disseminated  through  the  mass,  and  a  few  crystals  of 
epidote.  One  part  of  the  rock  is  traversed  by  a  vein  which  contains 
numerous  small  crystals  of  this  mineral  enclosed  in  quartz;  the 
clear  quartz  crowded  with  minute  perfectly  formed  crystals  of  yellow- 
green  epidote  is  an  exquisite  microscopic  object  Other  portions 
of  the  rock  are  so  highly  altered  that  there  is  nothing  left  but  a 
mass  of  pseudomorphs. 

In  Babbacombe  Bay  there  is  an  excellent  section  of  the  rocks, 

where  the  intrusive  character  of  the  trap  may  be  well  seen.     There 

are  here  two  principal  varieties  of  dolerite : — one  rather  fine-grained 

and  of  a  uniform  grey  colour ;  the  other  of  a  lighter  shade  and  por- 

*  Quart  Journ.  Geol.  Soc.  yoI.  xxx.  p.  557. 
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phyritic  texture,  having  conspicuous  crystals  of  felspar  scattered 
through  it  Both  varieties  are  highly  altered:  the  secondary  pro- 
ducts are  serpentine  and  oalcite ;  and  in  some  specimens  there  is  a 
little  quartz ;  characteristic  pseudomorphs  after  augite  are  abundant, 
and,  as  not  unfrequently  happens,  the  triclink  felspar  has  suffered 
less  than  either  of  the  other  constituents. 

Summary  and  Conclusion. 

Microscopical  examination  shows  clearly  that  the  pyroxenic  mine- 
ral, whether  augite  or  diallage,  has  frequently  been  converted  into 
a  hornblendic  substance,  and  that  the  variety  actinolite  is  found 
filling  cavities  and  fissures  precisely  in  the  same  manner  as  other 
products  of  alteration. 

That  the  more  compact  varieties  of  these  metamorphosed  dolerites 
or  basalts  should  exhibit  an  imperfect  cleavage  which  is  entirely 
absent  from  the  coarsely  crystalline  portions,  is  quite  in  accordance 
with  the  facts  observed  in  typical  slates.  In  such  rocks  it  is  found 
that  even  a  slight  change  of  texture  in  the  beds  is  frequently  accom- 
panied by  an  alteration  in  the  direction  of  the  cleavage-planes ;  and 
it  is  no  unusual  circumstance  to  meet  with  coarse  uncleaved  gritty 
bands  lying  between  fine  slates,  and  abruptly  terminating  a  plane  of 
cleavage,  which  is  as  suddenly  resumed  on  the  other  side  of  the 
band. 

All  the  metamorphosed  dolerites  which  occur  in  the  altered  Devo- 
nian slates  have  been  collected  at  a  greater  distance  from  the  granite 
than  the  schists  previously  described;  the  metamorphism  is  of  a 
different  kind,  and  there  is  but  little  evidence  of  any  direct  action 
on  the  part  of  the  intruded  rock.  The  alteration  that  has  taken 
place  appears  to  be  the  result  of  internal  rather  than  of  external 
action ;  m  other  words,  it  must  have  been  caused  by  a  more  or  less 
complete  decomposition  and  rearrangement  of  mineral  substance  in 
ritu,  and  not  to  any  great  extent  by  tike  introduction  of  new  material 
from  without. 

Some  of  the  facts  observed  in  the  course  of  these  investigations 
are  singularly  interesting  and  important  from  a  petrological  point  of 
view. 

By  an  examination  of  a  sufficient  number  of  specimens  the  pro- 
cess of  alteration  may  be  followed  step  by  step  from  a  slight  external 
change  in  a  single  mineral  to  the  production  of  a  perfect  pseudo- 
morph,  and  ultimately  to  the  complete  transformation  of  the  entire 
mass  of  constituents,  the  result  being  the  formation  of  a  metamor- 
phic  rock  whose  original  composition  and  structure  could  only  be 
detected  by  a  study  of  a  good  series  of  the  intermediate  forms.  In 
a  previous  communication  to  this  Society*,  I  have  described  a  number 
of  pseudomorphs  after  augite  and  olivine,  and  the  frequent  diffusion 
throughout  the  surrounding  mass  of  various  chloritic,  serpentinous, 
or  other  green-coloured  products  of  their  decomposition  ;  but  in  the 
more  highly  altered  rocks  of  Cornwall,  it  becomes  easy  to  trace  new 

*  Quart.  Jouru.  Gfool.  Soc.  vol.  xxx.  pp.  535-642. 
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combinations  of  these  secondary  products,  and  to  follow  the  gradual 
assumption  of  definite  crystalline  forms.  In  the  rock  from  Rose 
Hill,  for  example,  one  specimen  contains  a  quantity  of  floeeulent 
green  matter  destitute  of  any  definite  character,  except  in  one  or 
two  places,  where  there  is  evidently  an  approach  to  crystallization, 
whereas  in  another  piece  nearly  the  whole  of  the  green  substance 
exhibits  the  well-marked  characteristics  of  hornblende. 

It  appears,  moreover,  that  two  rocks  of  similar  origin  and  compo- 
sition may  follow  different  lines  of  metamorphism,  and  thus  become 
converted  into  two  widely  different  substances,  the  ultimate  result 
depending  upon  the  nature  of  the  active  agent  and  the  duration 
of  its  operation.  The  Clicker-Tor  dolerite,  for  example,  situated 
at  a  distance  from  the  granite,  has  been  converted  by  aqueous 
agencies  into  a  serpentinous  rock ;  while  the  Penzance  dolerites,  in 
closer  proximity  to  the  granite,  have  been  transformed  into  horn- 
hlendic  rocks  differing  from  each  other  in  texture  and  state  of  altera- 
tion in  accordance  with  the  coarseness  or  fineness  of  their  original 
crystallization. 

There  remains  one  important  point  to  be  noted.  Many  of  the 
metamorphic  rocks  described  in  the  first  part  of  this  paper  have 
undergone  a  second  series  of  changes,  in  which  chemical  forces  have 
evidently  played  the  principal  part,  this  subsequent  alteration  being 
indicated  by  the  occurrence  of  micaceous  and  chloritic  pseudomorphs 
after  tourmaline,  and  an  alteration  ^probably  hydration)  of  the  mica. 

The  granite  has  also  suffered  similar  changes. 

The  origin  of  the  metamorphic  crystalline  schists  has  hitherto  been 
involved  in  the  greatest  obscurity ;  and  it  is  with  the  hope  of  gaining 
some  insight  into  the  nature  of  the  processes  concerned  in  their 
formation,  that  I  have  commenced  the  inquiry  with  an  attempt  to 
ascertain  the  nature  and  extent  of  metamorphism  produced  by  at 
least  one  powerful  agent  which  must  necessarily  have  brought  into 
play  enormous  chemical  and  mechanical  forces. 

The  results  already  obtained  from  a  very  limited  number  of  ob- 
servations afford  sufficient  encouragement  to  continue  the  investiga- 
tion ;  for  it  appears  not  only  that  clay-slate  may  be  transformed 
into  mica-schist,  gneiss,  and  tourmaline-schist,  but  that,  among  the 
more  basic  rocks,  hornblende-schists  may  be  metamorphosed  igneous 
rocks,  some  being  derived  from  dolerites  or  gabbros,  while  others 
are  very  probably  foliated  diorites. 

In  concluding  these  notes  I  will  refer  very  briefly  to  one  other 
point  of  interest,  namely  the  origin  of  the  granite.  In  Cornwall, 
neither  examination  in  the  field,  nor  a  microscopical  study  of  the 
rocks,  lends  the  slightest  support  to  the  notion  that  granite  is  a 
metamorphic  rock  in  any  proper  sense  of  the  term. 

On  the  contrary,  there  is  the  clearest  evidence  of  the  former  exist- 
ence of  deep-seated  volcanic  action ;  for  not  only  have  the  slates 
been  subjected  to  the  violent  disturbance  and  alteration  previously 
pointed  out,  but  the  surrounding  country  is  seamed  for  miles  by  vast 
numbers  of  granitic  and  felsitic  dykes  ("  elvans  ") ;  and  considering 
the  enormous  amount  of  denudation  to  which  the  entire  district  has 
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eertainly  been  exposed,  it  moat  be  admitted  tiiat  w  haT^^cieiit 
explanation  of  the  absence  of  lava*  or  other  superficial  products,  and 
that  only  the  more  deeply  seated  masses  of  igneous  rocks  could 
remain  as  evidences  of  former  volcanic  action. 

As  regards  the  principal  masses  of  granite  in  other  paitB  oftnese 
islands,  it  appears  to  me  that  the  evidence  is  equally  strong  in  f*J°** 
of  their  eruptive  origin.  Mr.  Judd  has  shown  conduavelythat  tfce 
phenomena  presented  by  the  great  granitic  masses  of  the  Grampian 
Mountains  are  the  exact  counterpart  of  those  observed  in  the  """J6* 
portions  of  the  Tertiary  volcanic  masses  of  the  Hebrides ;  *™>*™y> 
with  respect  to  the  granites  and  syenites  of  the  ^ke-^str^,  1 
cannot  but  think  that  all  the  facts  so  clearly  described  by  Mr.  warn 
in  his  recent  valuable  memoir*,  are  quite  consistent  with  the  vol- 
canic origin  of  these  masses.  There  is  evidence  to  show  that  the 
Cornish  slates  existed  as  metamorphic  rocks  (cleaved  and  sometimes 
contorted)  long  before  the  intrusion  of  the  granite.  The  contact 
metamorphism  produced  thereby  extends  to  a  short  distance  only, 
and  may  generally  be  distinguished  from  the  other  by  microscopical 
examination,  although  there  will  of  course  be  a  gradual  transition 
from  the  one  to  the  other.  Whenever  clear  indications  of  this  con- 
tact metamorphism  occur  among  stratified  rocks  at  a  considerable 
distance  from  granitic  masses  on  the  surface,  it  becomes  extremely 
probable  that  such  masses  exist  at  a  very  short  distance  below.  This 
is  known  to  be  frequently  the  case  in  Cornwall;  and  I  should  be 
strongly  inclined  to  infer  the  existence  of  similar  relations  between 
the  granite  and  slates  of  Skiddaw  Forest. 

Although  there  is  an  absence  of  direct  evidence  in  the  Lake-dis- 
trict as  to  the  geological  period  at  which  the  granites  and  syenites 
were  erupted,  there  is  apparently  nothing  inconsistent  with  the  idea 
that  they  may  belong  to  the  great  series  of  volcanic  outbursts 
which  occurred  during  the  newer  Palaeozoic  epoch;  and  it  seems 
to  me  highly  probable  that  they  may  be  approximately  of  the  same 
age  as  the  granitic  masses  of  Cornwall.  Devonshire,  and  the  High- 
lands of  Scotland. 

EXPLANATION  OP  PLATE  XXTTT. 

Fig.  1.  Polished  alioe  showing  granite-rein  in  altered  slate,  collected  close  to 
junction  with  the  main  mass  near  Monaehole.    The  slate  has  been 

usv  9  t>  *|2lverted  into  a  tourmaline-schist.    Drawn  half  natural  sise. 

*ig.  a  roruon  of  thin  slioe  from  same  specimen  as  fig.  1,  showing  the  junction 
SlffS1*^.*^  *****'  Th®01"*  ■!»«*  »w»  quarts ;  and  &  the  granitie 
part  tne  light  shade  represents  the  felspar;  the  dark,  tourmaline  or 
TZZ*     w  he  elate  the  two  ahades  are  tourmaline  and  mica.    See 

Fi*  <*   vJSdSS's.   Magnified  10  times. 

!r  ■ ,  r^^s^1^^^' olo<,o  ^  ^° granite- Mouaewe-  *•*■«* 

na^arte^  *  %  *  £owin*  *•  "**»  of  the  tourmaline  to  the 
Pig.  5.  BaSStS^  ^Magnified  60  times. 

*  Quart.  Journ.  GeoL  Soc  yol.  mii. 
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Fig.  6.  Altered  mica-schist  containing  radiating  crystals  of  tremolite  and  bands 
of  magnetite.    See  p.  410.    Magnified  20  times. 

Fig.  7.  Transverse  section  of  polygonal  prism  of  tourmaline  composed  of  alter- 
nate bands  of  blue  and  brown  colour.  See  p.  415.  Magnified 
60  times. 

Figs.  8, 9,  &  10.  Small  crystals  of  tourmaline  with  one  end  regularly  terminated, 

the  other  formed  of  slender  prisms.    See  p.  416. 
Fig.  11.  Gneiss  (altered  Silurian  slate)  in  contact  with  granite,  consisting  of 
ortboclase,  quartz,  and  mica,  Ballynamuddagh,  co.  Wexford.    See 
p.  411.    Magnified  10  times. 

Fig.  12.  Contorted  mica-schist  (altered  Silurian  slate),  co.  Wexford.  See 
p.  411.  The  rock  has  been  bent  into  numerous  sharp  contortions, 
and  compressed  in  the  direction  of  the  pressure  to  about  two  thirds 
its  original  dimensions. 

All  the  figures,  with  the  exception  of  fig.  1,  have  been  carefully  drawn  under 
the  microscope  by  the  author,  with  the  aid  of  the  camera  lucida. 
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44.  Nones  of  ike  Occuvmnrcs  of  Rem adto  of  a  British  Fossil  Zbu- 
olodof  (Z.  Wanklyn^  Seeley)  in  the  Barton  Clay  of  the 
Haxpshirk  Coast.  By  Habbt  Goyixe  Sebxkt,  Esq.,  FJJS^ 
F.G.8.,  &c.,  Professor  of  Geography  in  King's  College,  London. 
(Read  June  21,  1876.) 

I*  1872  my  late  college  Mend  Br.  Arthur  Wanklyn,  who  had  for  a 
long  time  deroted  himself  to  a  study  of  the  Barton  Clay,  was  so  for- 
tunate as  to  obtain,  from  the  Barton  Cliff,  nearly  the  whole  of  the 
skull  of  a  zeuglodont  of  moderate  size.     The  skull  was  extracted 
entire ;  but  the  local  collectors,  in  carrying  it  np  the  cliff,  had  the 
misfortune  to  reduce  it  to  fragments.     The  day  before  Br.  Wanklyn 
was  leaving  London  for  professional  duties,  he  desired  me  to  draw  np 
some  notice  of  the  specimen  for  publication ;   but  the  time  at  my 
disposal  was  too  brief  for  me  to  attempt  a  full  description  of  the 
whole  of  the  remains,  and  I  contented  myself  with  some  memoranda 
on  the  maxillary  bones,  teeth,  and  roof  of  the  brain-case.     These  I 
have  hitherto  kept  for  myself  in  the  hope  that  Br.  Wanklyn  would 
be  able  to  bring  the  fossil  to  London,  in  a  more  perfectly  restored 
condition,  for  fuller  study.      But  the  specimen  never  came;   and 
since  Dr.  Wanklyn's  death  I  have  been  unable  to  get  any  tidings 
concerning  it.     It  has  therefore  seemed  desirable  to  offer  to  the 
Society  the  notice  which  I  made  four  years  ago ;  and  I  do  this  the 
more  gladly  that  it  enables  me  to  associate  with  the  species  the 
name  of  its  discoverer,  of  whose  enthusiasm  for  science  this  may 
serve  as  a  slight  memorial. 

MajciUary  Bones. 

The?e^^fXm?IT^?01,e8  "•  imPerfectly  preserved  posteriorly. 
S7amTLTtJfDg^.Of.llb0nt  8  *»**  rf  the  bone  oVthe  left 
nrfonof^^^  The  anterior  termi- 

Cmeasuri  £***  W  ******  ™*  ™*<ied  eonvexly;  and  there 
■E  la^^T^r1?  aCf°88  *?  ******  2i  inehes'from  side  to 
^W8IS^  8artace  »  **out  i  inch  thick;  and 

The1^^^^^^  *?"*  ?  £  *****  *"  ***  matri*' 
•bove  downwam^  buHn^^  each  boue  is  alighdy  convex  from 

because  theydiveW  JZL ^^  **£**  of  **  bwM»  ***  concave, 
preserves  tors^^^^^  J1"  ******  border  of  the  bone 
ness  from  side  to  mde?^      backward  approximately  the  same  thick- 

The    frikirm^***    _i_  _ 


2T^6to^dB*  «d  thenit^   P*""  rf  *^th  it   is  3? inches 

P«»tonor  deBt,^lated  SS^Mfej,luefa"uW  <*  *e  jaw  behind  the 

•    ^e**  PW«»es  are  prolonged  inward. 
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and  meet  in  the  mesial  line  so  as  to  form  a  flattened  slightly  convex 
palate.  On  the  superior  surface  these  bones  form  a  concave  chan- 
nel, which  widens  behind.  The  median  suture  [of  the  palate]  is 
overlain,  for  4  inches,  by  a  fragment  of  a  thin  bone  £  inch  thick, 
which  appears  to  have  been  14  inch  wide  in  the  middle,  and  to  have 
narrowed  in  front  and  behind.  Posteriorly  it  extends  beyond  the 
mamillaries.  This  bone  is  presumably  the  vomer.  External  to  it 
laterally  are  the  impressions  of  the  premaxillaries,  which  were 
about  |  inch  wide  where  they  rested  on  the  mamillaries;  but  behind 
the  third  tooth  the  impressions  of  these  bones  widen  rapidly  and 
converge  towards  the  median  line,  as  though  they  met  posteriorly. 

The  Teeth. 

The  first  two  teeth  in  the  maxillary  bone  were  presumably  simple 
and  conical  crowns,  with  a  single  fang ;  from  the  sockets  for  these  the 
teeth  are  gone.  The  first  socket  extends  to  within  less  than  1  inch 
of  the  anterior  termination  of  the  jaw  ;  it  is  £  inch  long  and  |  inch 
broad,  is  ovate  in  section,  and  placed  evenly  between  the  inner  and 
outer  sides  of  the  jaw.  Between  this  and  the  second  Bocket  is  an 
interspace  of  ^  inch.  This  interspace  is  hollowed  out  on  each  max- 
illary bone  into  a  shallow  hemispherical  pit  outwardly  placed  on  the 
alveolar  margin,  caused  apparently  by  absorption  due  to  the  pressure 
from  a  tooth  in  the  lower  jaw.  The  second  socket  is  more  than  an  inch 
long,  and  less  than  $  inch  wide ;  so  that  it  is  more  elongated  than  the 
other.  On  the  internal  alveolar  margin,  behind  these  teeth,  runs  a 
narrow  elevated  marginal  ridge  of  bone. 

The  next  interspace  is  about  -^  inch  long ;  towards  the  third 
tooth  it  is  excavated  as  though  by  pressure  from  a  tooth  in  the 
lower  jaw.  The  third  tooth  is  If  inch  long,  is  compressed  from 
side  to  side,  less  than  half  an  inch  thick  in  the  middle,  and  attenu- 
ated to  a  sharp  margin  in  such  a  way  that  the  angle  at  which  the 
inner  and  outer  sides  of  the  tooth  meet  is  less  than  a  right  angle. 
The  anterior  and  posterior  parts  of  the  crown  are  moderately  serrated, 
so  as  to  form  four  small  denticles  on  each  side  of  the  larger  median  den- 
ticle which  divides  them.  The  denticles  are  much  smaller  in  front  than 
behind.  The  cutting-margin  of  the  denticles  of  the  tooth  is  faintly 
Grenulated.  Around  the  base  of  the  crown  runs  a  narrow  elevated 
einguloid  ridge  of  enamel,  which  does  not  extend  mesially  above  the 
fangs.  The  inner  surface  of  the  crown  above  these  ridges  is  marked 
with  vertical  striae  on  the  enamel.  The  portion  of  the  unenamelled 
fangs  which  projects  from  the  sockets  is  less  than  £  inch  deep.  The 
height  of  the  crown  is  less  than  an  inch.  The  interspace  between 
the  third  tooth  and  the  fourth  is  \  inch.  The  fourth  tooth  is  also 
If  inch  long.  Its  crown,  though  equally  high,  has  a  different 
aspect ;  for  the  denticles  are  larger,  longer,  thicker,  and  more  deeply 
divided  from  each  other  than  in  the  preceding  tooth,  so  that  the 
outline  of  the  crests  of  the  denticles  of  each  side  is  convex  from  back 
to  front.  As  in  the  third  tooth,  the  posterior  denticles  are  the 
larger;  and  the  denticles  are  similarly  crenulated.     The  cingular 
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ridge  is  much  more  developed;  the  anterior  and  posterior  halves 
of  it  do  not  meet.  Above  this  tooth  the  outer  bone  of  the  jaw 
thickens  into  a  fold. 

The  fifth  tooth  is  imperfectly  preserved ;  it  appears  to  be  shorter 
than  the  others,  somewhat  thicker,  with  the  denticles  a  little  better 
marked. 

The  teeth  were  inclined  towards  each  other  from  both  sides  of  the 
snout,  and  locked  between  those  of  the  lower  jaw. 

There  was  found  with  the  specimen  a  remarkable  single-fanged 
tooth,  which  may  be  one  of  those  missing  from  the  empty  sockets. 
This  tooth  resembles  the  canine  tooth  of  a  Carnivore.  It  is  longitu- 
dinally ovate  in  section,  and  in  length  recurved,  with  a  tapering 
crown  and  a  fang  which  continues  to  enlarge  for  some  distance  below 
the  crown  and  then  contracts  somewhat  towards  the  base.  The 
extreme  end  of  the  fang  is  broken  away,  while  its  whole  lower  part 
has  been  greatly  fractured  and  somewhat  crushed.  The  extreme 
length  of  the  portion  of  the  tooth  which  is  preserved  is  2£  inches,  of 
which  the  crown  covered  with  enamel  constitutes  1  inch.  The  base 
of  the  crown  from  back  to  front,  where  the  enamel  terminates, 
measures  £  inch,  and  from  side  to  side  in  the  same-  line  it  measures 
less  than  |  inch ;  the  crown  is  more  compressed  from  side  to  side 
in  front  than  behind ;  and  while  the  anterior  margin,  in  common 
with  the  outline  of  the  whole  tooth,  is  convex,  the  posterior  margin 
in  the  same  way  is  concave,  but  with  a  curve  which  belongs  to  a 
much  larger  circle  than  that  of  the  anterior  margin.  Along  these 
anterior  and  posterior  margins  on  the  crown  runs  an  elevated  ridge 
of  enamel.  The  ridges  do  not  extend  over  the  point  of  the  crown, 
which  is  blunt,  rounded,  and  unworn.  On  the  sides  of  the  crown 
and  towards  its  base  the  enamel,  which  nowhere  has  a  burnished 
smoothness,  but  an  exceedingly  fine  subgranular  shining  texture, 
becomes  wrinkled  into  sharp  short  vertical  folds,  which  are  more 
numerous  on  the  back  than  on  the  front  aspect,  and  may  number 
.  about  a  dozen  on  each  side  of  the  tooth.  They  are  fine,  irregular, 
not  straight;  and  sometimes  two  converge  and  unite  into  one  in 
passing  up  the  crown.  The  fang  where  widest  measures  £  inch 
from  front  to  back.  like  the  crown,  it  is  more  compressed  from 
side  to  side  on  its  convex  than  on  its  concave  side.  It  is  marked 
throughout  with  exceedingly  fine  longitudinal  stria? ;  and  at  intervals 
among  these  are  faint  ridges  which  are  prolongations  downward  of 
the  chief  ridges  on  the  crown.    The  pulp-cavity  is  large. 

This  form  of  tooth  would  yield  one  of  the  best  distinctive  charac- 
ters for  the  species. 

The  Parietal  Bone. 

The  parietal  bone,  which  is  single,  has  the  form  usual  in  Zeuglo- 
donts,  as  far  as  can  be  judged  from  the  fragment  preserved,  though 
various  small  pieces  collected  with  it  probably  indicate  that  the 
parietal  region  was  longer  in  this  animal  than  in  the  American 
Zeuglodonte.    The  anterior  suture,  with  the  adjacent  part  of  the 
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frontal  bone,  is  well  seen,  and  on  the  inferior  margins  are  two  small 
bones  which  are  in  the  position  of  alisphenoids ;  posteriorly  the  bone 
is  very  imperfect ;  on  the  under  side  it  is  traversed  by  a  groove 
which  widens  posteriorly  and  becomes  part  of  the  cerebral  cavity. 
The  parietal  rests  upon  and  encases  the  frontal  bone,  much  in  the 
way  seen  among  Ichthyosaurs ;  so  that  while  in  the  fragment  mea- 
suring 6£  inches  in  length  4£  inches  are  occupied  externally  by  the 
parietal,  on  the  cerebral  surface  only  2\  inches  are  occupied  by  that 
bone.  The  sides  of  the  parietal  bone  are  nearly  vertical,  and  nearly 
parallel,  measuring  2  inches  from  side  to  side  in  front,  where  they  are 
about  \\  inch  high.  Above  this  height  the  sides  become  rounded,  and 
converge  towards  the  middle  line  into  an  elevated  mesial  keel,  which 
rises  higher  the  further  it  is  prolonged  backward ;  so  that  while  the 
bone  as  it  stands  on  its  sutural  base  is  but  little  over  2  inches  high 
in  front,  it  becomes,  where  fractured  behind,  nearly  3£  inches  high. 
In  front  the  ridge  is  rounded ;  but  the  last  1  \  inch  of  it  preserved 
becomes  flattened  horizontally  and  widens  posteriorly,  being  at  the 
fracture  £  inch  wide.  Concomitantly  with  the  formation  of  this 
ridge  the  bone  appears  to  widen  out  from  side  to  side  behind,  and 
the  lateral  inclined  halves  of  the  upper  surface  exchange  their 
rounded  outlines  for  a  sloping  flattened  surface.  In  front  the  ridge 
dies  away  just  behind  the  suture.  The  suture  is  deep  and  well 
marked ;  it  is  somewhat  irregular,  and  penetrates  back  into  the 
parietal  in  the  form  of  an  inverted  W  with  long  outer  arms, 
which  on  the  shoulder  of  the  side  of  the  bone  contribute  to  form  a 
similar  uninverted  figure,  the  outer  arm  of  which,  in  an  irregular 
line,  is  prolonged  downward  and  backward  at  an  angle  of  about  45° 
with  the  basal  outline  of  the  bone ;  so  that  the  parietal  extends  a 
less  distance  along  the  side  than  along  the  superior  surface,  where 
its  termination  is  bifid. 

The  Frontal  Bone. 

The  sutural  end  of  the  frontal  necessarily  corresponds  closely 
with  the  parietal ;  but  as  the  sides  of  the  bone  are  similarly  flat  and 
vertical,  and  the  superior  surface  is  horizontal,  it  results  that  the 
section  of  the  bone  at  the  fracture  is  nearly  quadrate,  being  rather 
higher  than  wide.  The  frontal  bone  is  also  notched  on  the  under- 
side with  a  nearly  quadrate  olfactory  canal  about  half  an  inch  in 
section.  The  angles  between  the  lateral  surfaces  and  superior  sur- 
face become  elevated ;  and  where  it  is  fractured  anteriorly  the  bone 
appears  to  be  widening  outward  from  side  to  side.  The  horizontal 
surface  of  the  frontal  continues  forward  the  anterior  depression  in 
height  of  the  parietal,  and  at  its  anterior  termination  the  frontal  is 
but  \\  inch  high. 

Thus  the  portion  of  the  frontal  preserved  has  extremely  thiclp 
walls.  The  walls  of  the  skull  scarcely  become  thinner  in  the  pari- 
etal region ;  for  the  groove  which  traverses  the  bones  only  slowly 
widens  and  deepens.  Its  surfaces  are  nearly  flat,  and,  except  that 
it  is  relatively  deeper,  it  corresponds  closely  in  form  with  the  external 
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ridge  already  described;  and  under  the  region  where  the  ridge 
becomes  flattened,  the  middle  of  the  enlarging  cerebral  cavity  be- 
comes flattened,  though  there  are  concave  excavations  on  each  side. 
The  suture  between  the  parietal  and  frontal  is  deeply  impressed  on 
the  cerebral  surface.  Behind  its  inferior  termination  is,  on  each 
side,  another  suture  If  inch  long  and  about  f  inch  above  the  flat 
irregular  basal  surface  of  the  specimen.  The  small  bone  thus  indi- 
cated is  not  quite  perfect  behind,  where  it  is  shown  by  a  fracture  to 
be  imbedded  between  the  outer  and  inner  walls  of  the  parietal. 
These  bones  have  none  of  the  usual  characteristics  of  the  alispbe- 
noids,  and  are  probably  to  be  regarded  as  orbito-sphenoids.  They 
are  about  i  inch  wide ;  and  the  film  of  parietal  xternal  to  them  is 
about  £  inch  thick.  In  front  of  these  bones  and  internal  to  them 
are  concave  grooves,  which  widen  in  passing  forward  to  more  than 
$  inch,  which  is  the  width  of  the  frontal  bone  on  each  side  of  the 
groove. 

Almost  the  whole  of  the  skull  could  be  reconstructed  from  the  ma- 
terials preserved  by  Br.  Wanklyn.  Among  other  parts  I  noticed  the 
two  egg-shaped  tympanic  bones,  remarkable  for  their  regular  form. 

In  no  respect  does  it  approach  Squalodon,  which  not  only  has  the 
parietal  region  constructed  on  a  different  pattern,  but  also  has  the 
teeth  of  different  form. 

It  differs  from  all  known  species  of  Zeuglodon  in  the  shortness  of 
the  interspaces  between  the  teeth,  and  apparently  in  the  characters 
of  the  premolar  teeth,  as  well  as  in  the  shorter  form  of  the  skull. 
But  in  the  absence  of  the  specimen  any  detailed  comparison  with 
other  species  must  be  deferred. 

The  parietal  and  frontal  fragment  is  about  the  same  size  as  in 
Zeuglodon  brachyspondylus  of  Miiller,  which  similarly  has  the  frontal 
region  flattened,  with  a  sharp  crest  along  the  parietal  region — which, 
however,  does  not  become  flattened  posteriorly  into  a  narrow  table 
as  in  the  species  described ;  nor  has  the  parietal  in  the  foreign  species 
the  folded  sutural  junction  with  the  frontal  of  our  English  specimen. 

I  would  express  my  thanks  to  Mr.  W.  Davis  for  assistance  in 
examining  the  Zeuglodonts  in  the  British  Museum,  and  a  hope  that 
Dr.  Wanklyn's  Zeuglodon  may  eventually  be  deposited  in  one  of 
our  National  collections. 
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45.  On  an  associated  Srrirs  'of  Cervical  and  Dorsal  Vrrxrbrb  of 
Polipttchodow,  from  the  Cambridge  Upper  Gheensahd,  in  the 
Woodwardian  Museum  of  the  University  of  Cambridge.  By 
Harkt  Govirr  Srelry,  Esq.,  F.L.S.,  F.G.8.,  &o.,  Professor  of 
Geography  in  King's  College,  London.     (Read  June  21, 1876.) 

Tor  rarity  of  vertebra  of  Polyptychodon  in  the  Cambridge  Green- 
sand  is  out  of  all  proportion  to  the  relative  abundance  of  teeth.     In 
the  Woodwardian  Museum  alone  more  than  a  hundred  teeth  are 
arranged  in  illustration  of  the  dentition  of  the  genus,  about  half  of 
which  (probably  the  remains  of  one  animal)  were  found  at  a  Phos- 
phatite  washing  on  the  Huntingdon   Road.     Many  hundreds  of 
teeth  have  probably  been  collected,  all  in  a  state  of  black  minerali- 
sation ;  and  these  can  only  be  referred  to  several  individuals.     The 
vertebrae  collected  do  not  appear  to  be  the  remains  of  more  than  two 
individuals ;  and  these  probably  represent  two  species.   They  consist 
of   the  bones  so  admirably  described  by  Professor  Owen  in  the 
publications  of  the  Pakeontographical  Society  for  1860,  which  were 
found  near  Haslingfield,  and  the  associated  series  of  remains  from 
the  Huntingdon  Road,  belonging  to  a  somewhat  smaller  animal, 
catalogued  at  p.  45  of  my  '  Index  to  Aves,  Ornithosauria,  and  Rep- 
tilia,'  which  latter  are  the  subject  of  the  present  notice.    All  the 
vertebra  are  in  a  condition  of  somewhat  pale  mineralization.     I 
mention  this  fact,  because  it  is  within  my  own  knowledge  that  dif- 
ferent parts  of  the  same  specimen  are  sometimes  differently  minera- 
lized, and  the  condition  has  no  importance  as  indicating  a  native  or 
derivative  origin  of  the  fossils. 

The  Atlas  and  Axis. 

Professor  Owen's  figure  represents  the  atlas  and  axis  as  being 
more  excellently  preserved  than  they  are,  and  as  showing  a  clear 
separation  between  the  atlas  and  axis,  which  is  not  very  definitely 
marked  in  the  fossil. 

The  atlas  and  axis  are  preserved  in  the  associated  series,  and  show 
no  indication  of  consisting  of  separate  bones — so  perfectly  are  the 
osseous  elements  blended— either  where  the  external  unarticular 
surface  is  preserved  or  where  the  internal  tissue  is  exposed  by 
abrasion. 

The  extreme  transverse  width  of  the  specimen  is  5  inches j  its 
depth  from  the  middle  of  the  neural  oanal  is  not  more  than  3£ 
inches ;  so  that  it  is  rather  broader  than  the  first  specimen,  and  not 
so  deep.  It  shows  no  visible  marks  of  compression,  though  it  may 
perhaps  have  been  a  little  depressed.  There  are  no  traces  preserved 
of  the  neural  arches. 

The  anterior  surface  of  the  specimen  is  ooncavely  cupped  for  the 
hemispherical  basioccipital ;  but  the  cup  is  considerably  abraded, 
what  remains  of  it  being  a  circle  of  not  more  than  3  inches  diameter. 

2h2 
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The  superior  lateral  angles  of  the  atlantal  cup  show  some  indica- 
tions of  large  flattened  surfaces,  which  look  obliquely  forward  and 
upward  and  somewhat  outward,  and  encroach  on  the  cup ;  from 
these  the  neural  arch  has  come  away.  The  inferior  and  outer 
corners  of  the  cup  are  greatly  abraded ;  but  they  show  no  indications 
of  having  been  formed  by  distinct  subvertebral  ossifications. 

The  posterior  articular  face  appears  to  be  smaller.  It  is  flattened, 
slightly  concave  from  above  downward,  and  more  concave  from  side 
to  side.  As  preserved,  the  axis-face  measures  3|  inches  in  depth 
and  4  inches  in  transverse  diameter. 

The  base  of  the  specimen  is  slightly  convex  in  vertical  outline, 
and  less  than  4  inches  in  length  between  the  facets  on  the  axis  for 
the  cervical  ribs. 

The  side  of  the  fossil  is  formed  of  two  areas : — first,  a  superior 
surface  2\  inches  deep,  on  each  side  of  the  vertebras ;  these  eon- 
verge  somewhat  upward  towards  the  neural  arch ;  and  secondly, 
a  smaller  inferior  impressed  surface  on  each  side,  1J  inch  in 
diameter,  which  looks  backward  and  downward,  and  gave  attach- 
ment to  the  first  cervical  rib.  This  area  was  defined  and  separated 
by  ridges  from  the  unarticular  side  of  the  centrum  above,  and  from 
its  base  beneath. 

The  length  of  the  specimen  from  front  to  back  was  greater  at  the 
base  of  the  centrum  than  at  the  neural  arch.  Its  greatest  antero- 
posterior measurement  is  nearly  2£  inches,  which  is  more  than  in 
the  species  called  by  Professor  Owen  Polyptychodon  interruptus. 

The  least  antero-posterior  measurement  through  the  centres  of 
the  articular  oups  is  1  j  inoh ;  the  antero-posterior  measurement 
below  the  neural  canal  as  preserved  is  rather  over  2  inches. 

The  basal  or  visceral  surface  of  the  atlas  and  axis  is  slightly  con- 
vex in  length,  slightly  concave  from  front  to  back,  and  shows 
rounded  nutritive  foramina  at  a  distance  of  2  inches  from  each 
other,  and  1  inch  from  the  postarticular  border. 

Other  Cervical  Vertebra. 

I  have  arranged  the  five  succeeding  vertebras  in  natural  sequence. 
They  are  remarkable  for  a  Fliosauroid  antero-posterior  shortness, 
and  a  Fliosauroid  flatness  of  the  articular  surfaces ;  but  they  differ 
from  the  cervical  vertebrae  of  Pliosaurs  hitherto  described  in  having 
a  single  articular  facet  on  the  centrum  for  the  cervical  rib,  instead 
of  two  facets ;  and  this  character  is  the  only  one  so  far  as  I  am 
aware  by  which  a  short-necked  member  of  the  Plesioeaur  family 
can  be  distinguished  from  a  short-necked  Pliosaur  when  only 
centrums  of  vertebrae  are  available  for  comparison.  The  meets  for 
the  ribs  on  the  side  of  the  centrum  gradually  ascend  the  side  of  the 
centrum  from  the  neck  backwards,  after  the  manner  of  Plesiosauro, 
the  ribs  evidently  becoming  supported  on  the  transverse  processes 
of  the  neural  arch  in  the  dorsal  region ;  so  that  Polyptychodon  is 
wentially  a  big-headed  Plesiosaur  with  no  characters  at  present 
'  ^*o  separate  it  from  other  Plesiosaurs,  except  the  not  very 
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easily  defined  ones  of  a  big  head  and  the  short  cervical  centrums 
described. 

It  is  probable  that  several  cervical  vertebrae  are  missing  from  the 
series ;  and  although  for  convenience  I  shall  number  the  vertebrae 
3rd,  4th,  5th,  6th,  and  7th,  these  numbers  must  not  be  taken  to  indi- 
cate the  sequence  of  the  vertebrae  in  the  neck,  for  several  may  be 
missing  between  the  axis  and  No.  3. 

The  third  vertebra  has  its  anterior  face  in  the  form  of  a  pentagon, 
the  median  angle  being  in  the  middle  of  the  base  of  the  vertebra. 
It  is  nearly  4  inches  deep,  and  4£  in  transverse  diameter  in  the  middle 
of  the  vertebra.  It  is  apparently  much  more  cupped  than  the  cor- 
responding face  of  the  axis.  It  measures  rather  more  than  1£  inch 
from  back  to  front  in  the  middle  of  the  centrum ;  at  the  base,  as  pre- 
served, it  measures  2£  inches  from  back  to  front,  while  at  the  neural 
canal  the  antero-posterior  measurement  is  If  inch.  The  neural  canal, 
as  in  the  axis,  is  somewhat  impressed ;  it  is  not  more  than  4  inch 
wide.  On  each  side  of  the  canal  are  the  facets  for  the  neural  arch, 
each  more  than  an  inch  wide.  Below  these  facets  are  the  unarticular 
sides  of  the  centrum  fully  1£  inch  deep.  Then,  below  the  middle 
of  the  vertebra  succeed  the  impressed  facets  for  the  ribs  ;  they  have 
a  diameter  of  IS  inch,  are  more  deeply  impressed  behind  than  in 
front,  and  extend  across  nearly  the  whole  antero-posterior  length  of 
the  vertebra.  Below  these  surfaces  is  the  external  unarticular  base 
of  the  centrum ;  it  is  3}  inches  long,  terminates  on  each  side  in  a 
sharp  ridge,  and  is  prolonged  forward  in  the  middle  as  though  a 
subvertebral  wedge-bone  were  blended  with  its  anterior  margin. 
The  posterior  surface  presents  a  corresponding  concavity  on  its 
basal  border.  These  outlines  are  repeated  in  the  succeeding  neck- 
vertebr®.  The  posterior  articular  surface  is  more  elliptical,  smaller, 
and  flatter,  rather  more  than  4  inches  wide,  and  rather  more  than 
3£  inches  deep. 

The  fourth  vertebra  is  badly  preserved,  but  appears  to  have 
resembled  the  third. 

The  fifth  vertebra  increases  a  little  in  antero-posterior  measurement ; 
and  the  facet  for  the  cervical  rib  becomes  larger,  and  ascends  a  little 
up  the  side  of  the  centrum.  The  articular  faces  remain  flattened ; 
but  there  is  now  on  each  a  low,  flattened,  broad,  central  elevation, 
between  which  and  the  margin  is  a  concave  area.  The  back-to- 
front  measurement  is  everywhere  about  2  inches,  though  at  the 
base  it  is  a  trifle  less.  The  facets  for  the  ncurapophyses  are  placed 
a  little  further  forward,  so  as  not  to  reach  within  £  inch  of  the 
posterior  articulation ;  each  is  an  inch  in  diameter.  The  sides  of 
the  centrum  are  worn.  The  articular  facets  for  cervical  ribs,  If 
inch  in  diameter,  are  so  placed  that  their  superior  margin  is  above 
the  middle  of  the  centrum.  The  base  measures  4  inches  in  trans- 
verse diameter,  in  which  direction  it  has  become  a  little  more  con- 
vex, while  from  front  to  back  it  has  become  rather  less  concave. 

In  the  sixth  vertebra  the  larger  articulation  for  the  rib  is  so 
placed  that  half  is  above  and  half  below  the  middle  of  the  centrum. 
The  width  of  the  vertebra  across  these  facets  is  5  inches ;  and  though 
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the  width  of  the  anterior  articular  face  is  4£  inches,  its  depth  is 
3}  inches.  The  articular  faces  become  a  trifle  flatter,  and  the 
central  elevation  rises  a  trifle  higher.  The  posterior  articular  face 
is  7-sided.  The  articulations  for  the  ribs  are  now  on  very  slightly 
elevated  pedicles,  separated  by  a  narrow  margin  from  the  anterior 
face  of  the  centrum.  The  facets  appear  to  be  flat,  nearly  circular, 
and  1}  inch  in  diameter.  The  transverse  convexity  of  the  base  of 
the  centrum  increases,  while  the  antero-posterior  concavity  becomes 
flatter. 

The  antero-posterior  measurement  of  the  seventh  vertebra  is 
2|  inches.  The  facets  for  the  ribs  ascend  so  high  on  the  sides  of  the 
centrum  that  they  must  touch  the  neurapopbyses ;  hence  this  would 
be  the  last  cervical.  It  is  3|  inches  deep,  and  as  preserved 
measures  4}  inches  from  side  to  side  over  the  facets  for  the  ribs. 

The  remainder  of  the  16  vertebras  are  dorsal ;  but  they  are  not  well 
preserved.  In  these  vertebrae  the  centrum  steadily  increases  in 
length.  Several  have  an  antero-posterior  measurement  of  2*  inches ; 
and  one,  probably  from  the  middle  of  the  back,  is  3  inches  long  and 
4  inches  deep.  The  articular  faces,  though  3$  inches  wide  and  3£ 
inches  deep,  look  vertically  elongated,  owing  to  the  centrum  being 
a  little  compressed  from  side  to  side  below  the  neural  arch.  The 
margins  of  the  articulations  are  sharp,  and  the  central  boss  still 
remains.  The  upper  part  of  the  centrum  leans  a  little  forward  as 
in  Pliaaurus. 

I  entertain  little  doubt  of  the  specific  distinctness  of  this  fossil; 
but  since  the  teeth  of  animals  of  this  kind  rarely  furnish  specific 
characters,  it  will  be  difficult  to  prove  the  separation  of  the  species 
from  Polyptychodon  interruptus  till  better  materials  of  that  species 
are  discovered ;  and  the  remains  described  from  the  Cambridge 
Greensand  by  Professor  Owen  were  not  so  satisfactory  as  to  yield 
good  characters  for  comparison. 

The  British  Museum  contains  a  tooth  of  Polyptychodon  from  the 
Gault.  The  remains  in  the  British  Museum  from  the  Lower  Green- 
sand  named  Polyptychodon  present  no  characters  by  which  I  can 
recognize  their  claim  to  a  place  in  that  genus. 
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46.  On  Crocodllus  icexicus  (Seeley),  a  second  and  larger  Specibs 
of  Crocodile  from  the  Cambridge  Upper  Ore  ens  and,  con- 
tained in  the  Wbodwardian  Museum  of  the  University  of  Cam- 
bridge. By  Harry  Govibr  Seeley,  Esq.,  F.L.S.,  F.G.S.,  &c, 
Professor  of  Geography  in  King's  College,  London.  (Head 
June  21, 1876.) 

It  is  a  curious  coincidence  that  the  evidence  of  the  fossil  now 
described,  like  that  of  Crocodilus  cantabrigiensis,  consists  of  ono 
cervical  and  one  dorsal  vertebra.  The  vertebra  in  this  species, 
however,  are  associated  ;  and  their  striking  resemblance  to  existing 
Crocodiles  had,  I  believe,  already  been  recognized  by  Mr.  Walter 
Keeping. 

The  centrum  of  the  cervical  vertebra  is  2\  inches  long,  and  is 
divided  from  the  neural  arch  by  a  rather  deep  suture,  more  than 
usually  well  marked  by  the  neural  arch  projecting  laterally  a  little 
beyond  the  centrum.  In  front  the  proc&lous  articulation  is  as  deeply 
cupped  as  in  any  recent  species.  The  cup  is  circular,  about  1  £  inch 
in  diameter ;  it  was  surrounded  by  a  narrow  border,  now  somewhat 
worn,  so  that  the  transverse  diameter  of  the  centrum,  which  was 
about  lg  inch,  cannot  be  exactly  determined.  Its  depth  appears  to 
have  been  as  great — though,  as  the  small  anterior  hypapophysis  is 
broken  away,  the  depth  as  preserved  is  only  1  j  inch. 

The  neurapophyses  are  very  strong.  As  they  rise  from  the  cen- 
trum they  are  directed  outward  and  upward,  constricted  and  rounded 
anteriorly  above  the  centrum  for  the  passage  of  the  cervical  nerve. 
The  neurapophyses  are  constricted  between  the  parapophyses  and 
diapophyses,  as  well  as  between  the  diapophyses  and  zygapo- 
physes.  The  least  measurement  of  the  neural  arch  from  front  to 
back  is  rather  more  than  one  inch. 

The  anterior  zygapophysial  facets  are  inclined  at  an  angle  of  about 
45°  looking  upward  and  inward ;  they  measure  about  j  inch  from 
front  to  back,  and  about  1  inch  from  below  upward.  Only  that 
on  the  left  side  is  preserved :  it  is  smooth,  its  anterior  margin  hardly 
projects  in  front  of  the  anterior  face  of  the  centrum,  and  its  pos- 
terior margin  is  hardly  behind  the  anterior  margin  of  the  diapo- 
physis.  The  width  between  the  anterior  zygapophyses  was  about 
2 \  inches.  The  inner  margin  of  the  facets  of  the  zygapophyses 
descends  below  the  top  of  the  neural  canal,  which  in  front  is  sub- 
triangular.  As  usual,  there  is  an  interspace  between  the  facets,  due 
to  the  neural  spine  being  placed  further  backward;  and  from  the 
middle  of  this  area  the  vertical  slightly  elevated  anterior  margin  of 
the  neural  spine  arises.  On  the  side  of  the  neural  arch  the  zyga- 
pophyses laterally  curve  downward  and  backward  to  the  diapophyses, 
which  project  prominently.  Above  the  diapophyses  and  behind  the 
anterior  zygapophyses  the  sides  of  the  neural  arch  are  considerably 
compressed,  measuring  1|  inch  transversely  at  the  shoulders  of  the 
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tides,  where  a  ooncave  area  is  terminated  posteriorly  by  a  ridge 
arising  from  the  diapophysis;  which  runs  upward  and  backward, 
presumably  to  the  faces  of  the  posterior  zygapophyses,  which  are 
broken  away. 

The  neural  canal  somewhat  excavates  the  middle  of  the  neural 
surface  of  the  centrum.  The  posterior  outlet  of  the  neural  canal 
appears  formed  of  two  pairs  of  sides — a  short  pair  below,  converging 
to  the  middle  of  the  centrum,  and  a  long  pair,  1  £  inch  in  length, 
converging  upward  and  prolonged  in  the  notch  between  the  zygapo- 
physes.  The  posterior  aspect  of  the  neural  arch  below  the  zygapo- 
physes  is  flattened.  The  flattened  surfaces  are  \  inch  broad,  and  look 
obliquely  outward  and  backward ;  they  converge  somewhat  upward, 
and  terminate  inward  in  the  rounded  margin  of  the  neural  canal, 
upward  in  the  posterior  zygapophysial  ridge,  and  outward  and  for- 
ward in  the  diapophyses.  The  length  of  the  neural  suture  is  If 
inch. 

The  neural  spine  appears  to  have  been  compressed,  but  is  entirely 
broken  away. 

The  diapophyses  are  obliquely  ovate,  \  inch  long  and  §  inch 
deep  ;  they  are  situate  rather  nearer  the  front  than  the  middle  of 
the  side  of  the  centrum.  The  transverse  measurement  through  the 
diapophyses,  as  preserved,  would  be  about  3  inches. 

The  lateral  unarticular  part  of  the  centrum  is  about  1£  inch 
long.  Posterior  to  this  region  the  centrum  terminates  in  a  large 
rounded  articular  ball,  1|  inch  wide,  not  quite  so  deep,  and  extend- 
ing backward  for  fully  j  inch.  The  greatest  width  of  the  centrum 
behind  the  posterior  articulation  is  If  inch. 

The  side  of  the  centrum  carries  on  its  upper  half,  at  less  than 
half  an  inch  behind  the  anterior  articular  margin  and  extending 
upward  to  the  neural  arch,  the  vertically  ovate  parapophysis,  which 
as  preserved  is  fa  inch  high  and  fa  inch  broad.  Its  lateral  projec- 
tion is  probably  but  slightly  worn.  The  width  of  the  vertebra 
through  the  parapophyses  is  12  inch. 

The  sides  of  the  centrum  below  the  parapophyses  are  slightly  con- 
cave in  length,  somewhat  flattened ;  and  towards  the  middle  of  the 
base  of  the  centrum  they  form  a  well  rounded  median  surface,  con- 
cave in  length,  which  in  the  anterior  half  inch  is  prolonged  down- 
ward into  a  small  hypapophysis,  now  broken  away. 

The  measurement  from  the  rounded  base  of  the  centrum  to  the 
upper  margin  of  the  anterior  zygapophyses  is  nearly  3  inches. 

This  vertebra  is  probably  the  last  cervical.  It  differs  from  that 
of  existing  Crocodiles  in  the  large  size  of  the  parapophyses,  in  the 
distinct  anterior  notch  in  the  neural  arch  for  the  vertebral  nerve, 
and  the  perfect  convexity  of  the  articular  ball. 

The  dorsal  vertebra  has  the  centrum  elongated,  compressed  from 
side  to  side,  and  well  rounded  on  the  under  surface.  It  is  2| 
inches  long,  the  lateral  unarticular  part  being  1  \  inch,  while  the 
remainder  is  occupied  by  the  well  rounded,  convex,  posterior  arti- 
cular ball.  The  anterior  cup  is  apparently  circular,  and  measures  1£ 
inch  from  sido  to  side.     The  ball  is  1J  inch  from  side  to  side,  and 
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has  an  aspect  as  though  placed  slightly  below  its  proper  position 
on  the  centrum ;  its  external  surface  is  rather  concave  behind  the 
ball.  The  transverse  diameter  of  the  centrum  at  one  inch  from  the 
posterior  extremity  is  1^  inch.  The  neural  suture  is  straight,  1£ 
inch  in  length.  The  neural  arch  is  remarkable  for  its  length 
and  for  the  small  extent  to  which  it  is  notched  in  front  and  behind 
for  the  vertebral  nerves,  its  least  length  being  fully  1$  inch.  It 
rises  vertically  and  continuously  with  the  side  of  the  centrum  ;  and 
at  a  height  of  about  1 J  inch  from  the  base  of  the  centrum  gives  off 
the  compressed  transverse  processes,  which  are  almost  entirely  broken 
away.  This  process  is  continuous  in  front  with  the  anterior  zygapo- 
physis,  the  articular  facet  of  which  is  not  horizontal,  but  looks  a  little 
inward  as  well  as  upward ;  the  facets  appear  scarcely  to  project 
forward  in  front  of  the  anterior  articular  margin.  The  transverse 
processes  at  the  base,  as  preserved,  have  an  anteroposterior  measure- 
ment of  14  inch.  Behind  the  process  is  a  concave  notch,  posterior 
to  which  the  postzygapophysis  is  produced ;  across  the  notches  the 
measurement  is  l\  inch.  There  is  a  slight  depression  below  the 
notch,  bounded  in  front  by  a  ridge  directed  outward  and  forward. 
As  preserved,  the  transverse  processes,  which  were  horizontal, 
measure  2\  inches  from  side  to  side.  The  neural  arch  was  greatly 
compressed  above  the  transverse  platform.  The  neural  spine  is  frac- 
tured at  a  height  of  less  tban  3  inches  from  the  base  of  the  centrum ; 
it  measures  1£  inch  from  front  to  back.  The  neural  canal  (which 
is  obscured  in  front)  appears  to  have  been  remarkably  small ;  from 
side  to  side  behind,  the  neural  arch  measured  1  inch. 

This  vertebra  is  the  6th  or  7th  dorsal.  The  depression  of  the 
posterior  articular  ball,  and  its  perfect  convexity,  are  the  chief  points 
in  which  it  differs  from  existing  species. 

The  remains  indicate  an  animal  about  16  feet  long. 

I  have  seen  no  other  vertebrate  fossil  from  a  secondary  stratum 
in  which  the  bones  preserved  so  closely  resemble  those  of  an  exist- 
ing type. 
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47.  On  Macrurosaurus  semnus  (Seeley),  a  Long  tailed  Akixai.  urtlA 
Pbxkxelous  Vertebra  from  the  Cambridge  Upper  Grerxsaxd, 
preserved  in  the  Woodwardian  Museum  of  the  University  of 
Cambridge.  By  Harry  Goyibr  Seblbt,  Esq.,  F.L.S.,  F.G.S., 
&c,  Professor  of  Geography  in  King's  College,  London.  (Read 
June  21, 1876.; 

About  twelve  years  ago  the  Woodwardian  Museum  acquired  from 
Mr.  W.  Farren  a  series  of  some  25  associated  and  successive  caudal 
vertebrae,  found  at  one  of  the  deeper  phosphatite  washings  on  Cold- 
ham  Common,  Barnwell.  At  the  same  date,  the  Rev.  W.  Stokes 
8haw,  M.A.,  Caius  College,  obtained  from  a  similar  working  at 
Barton,  a  locality  a  few  miles  westward,  another  associated  series  of 
15  smaller  vertebrae  showing  identical  characters,  and  of  such  size  as 
to  exactly  join  on  to  the  first  series  and  complete  the  tail.  These 
latter  vertebrae,  not  improbably  part  of  the  same  individual,  being 
presented  to  the  Museum,  I  arranged  both  sets  in  a  continuous 
series.  Very  few  appear  to  be  missing  in  any  part  of  the  sequence, 
though  the  extremity  of  the  tail  is  probably  not  preserved,  and 
there  are  no  means  of  estimating  how  many  vertebrae  may  have 
intervened  between  the  last  of  the  sacral  region  and  the  earliest 
caudal  which  is  preserved.  The  tail  probably  included  50  ver- 
tebrae, and  may  have  reached  a  length  of  15  feet,  which  would 
have  amounted  to  one  half  the  length  of  the  animal  if  the  propor- 
tions of  modern  crocodiles  obtained.  A  few  isolated  vertebrae 
have  also  been  collected;  but  no  distinctive  portions  of  the  skeleton 
have  come  under  my  notice.  The  affinities  of  the  animal  are  at 
present  somewhat  obscure ;  for  the  only  available  data  from  which 
a  determination  could  be  made  are  the  following  facts: — The 
articulation  of  the  earlier  vertebrae  is  procoelous;  this  character 
gradually  changes  till  the  articulations  of  the  centrums  are 
nearly  flat ;  then  they  become  biconcave,  and  towards  the  end  of 
the  tail  are  irregular.  There  are  no  chevron  bones;  and  the 
centrum  becomes  elongated  and  rounded  like  a  dice-box,  after  the 
pattern  of  Celiosaurus  and  Lcelaps.  The  neural  arch  in  the  greater 
and  earlier  part  of  the  tail  was  supported  on  pedicles  rising  from 
the  centrum  ;  it  was  depressed,  and  devoid  of  neural  spine. 

The  procoelous  character  in  the  caudal  region  has  never  before 
been  recorded,  so  far  as  I  remember,  in  combination  with  an 
absence  of  chevron  bones  in  an  animal  of  this  size ;  and  though  the 
tail  as  a  whole  is  more  in  harmony  with  the  Lacertian  type  than 
with  any  other  order  of  true  Reptiles,  yet  we  must  look  to  future 
discoveries  for  evidence  of  the  systematic  position  of  the  animal  to 
which  it  belonged.  In  my  '  Index  to  the  Secondary  Reptiles,'  &c.  •, 
I  classed  the  animal  doubtfully  with  the  Dinosauria.    If  it  is  allowed 

*  Pp.  xrii,  45. 
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to  remain  there,  I  do  not  see  my  way  to  placing  it  in  any  one 
of  the  subdivisions  of  that  group. 

The  vertebra  are  in  different  states'of  mineralization — some  show- 
ing no  indications  of  phosphatic  infiltration,  while  in  others  this 
process  has  gone  on  to  a  considerable  extent. 

The  preservation  of  the  specimens  is  occasionally  such  that  I  can- 
not feel  certain  that  all  are  arranged  in  exactly  their  true  order  of 
succession.  The  firat  vertebra  preserved  is  an  early  caudal  much 
decomposed  on  one  side,  and  considerably  abraded,  with  only  the 
base  of  the  neural  arch  preserved,  and  an  indication  of  the  antero- 
posterior extent  of  the  fractured  transverse  process.  Its  imperfect 
preservation  is  due  to  the  fact  that  the  bone  is  open  and  cellular, 
and  but  slightly  mineralized  with  phosphate  of  lime. 

The  articular  surface  of  the  centrum  is  deeply  cupped  anteriorly, 
and  is  more  expanded  in  front  than  behind,  where  it  forms  a  large 
hemispherical  ball.  The  sides  of  the  centrum  are  compressed,  and 
converge  towards  the  ventral  surface,  where  they  form  a  median 
rounded  ridge.  The  length  of  the  centrum  is  8  inches,  and  of  this 
the  unarticular  side  of  the  centrum  measures  5}  inches ;  the  depth 
from  the  neural  canal  to  the  base  of  the  hinder  part  of  the  centrum, 
as  preserved,  is  fully  5}  inches,  and  in  front  was  probably  more. 
The  side  is  smooth,  with  some  longitudinal  vascular  impressions, 
gently  concave  from  front  to  back.  The  basal  keel  is  well  rounded 
from  side  to  side,  and  gently  concave  from  front  to  back. 

The  transverse  process  appears  to  have  been  3£  inches  in  antero- 
posterior extent  at  its  base,  where  fractured.    It  was  strong. 

The  neural  canal  was  smooth  and  narrow. 

What  are  probably  pedicles  for  the  neural  arch  extend  to  the 
anterior  border  of  the  cup.  This  process  on  the  right  side  is  com- 
pressed, less  than  half  an  inch  thick,  with  an  antero-posterior  ex- 
tent of  2}  inches. 

The  worn  fragment  of  the  next  vertebra  is  7  J  inches  long.  On 
the  third  the  transverse  processes  have  disappeared.  The  anterior 
cup  of  this  vertebra,  as  preserved,  is  5|  inches  wide ;  and  the  cen- 
trum does  not  exceed  that  length ;  but  the  ball  and  the  margin  of 
the  cup  are  both  broken.  The  neural  canal  is  more  than  an  inch 
wide.  On  .each  side  of  it  the  centrum  gives  off  strong  compressed 
pedicles  2  inches  in  antero-posterior  length,  half  an  inch  thick, 
inclined  a  little  towards  each  other,  and  approaching  to  within  half 
an  inch  of  the  anterior  border,  as  preserved.  These  pedicles  are  not 
much  more  than  half  an  inch  high,  and  were  probably  separated 
from  the  neural  arch  by  a  horizontal  suture. 

The  centrums  now  become  rapidly  smaller  in  diameter  and  flat- 
tened on  the  visceral  surface.  The  articular  cup  remains  as  deeply 
marked ;  but  the  ball  appears  to  have  a  depressed,  flattened  margin 
an  inch  wide  around  the  elevated  central  boss,  as  in  existing  croco- 
diles. That  numbered  8  is  6  J  inches  long  and  has  the  cup  4}  inches 
deep.  No.  11  is  5|  inches  long,  has  the  cup  much  less  deep,  but  the 
ball  is  not  at  all  preserved.  The  centrum  has  now  acquired  a  dice- 
box  form.     No.  12  is  as  long,  but  the  centrum  is  smaller,  the  cup 
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is  flatter ;  and  there  is  scarcely  any  trace  of  a  ball.  The  greatest 
diameter  of  the  constricted  part  of  the  centrum  is  2j  inches; 
the  neural  pedicles  become  more  elongated,  measuring  2J  inches. 
After  the  13th  the  centrums  get  rapidly  smaller.  The  15th  is 
distinctly  biconcave;  the  centrum  is  somewhat  compressed  later- 
ally ;  the  neural  canal  is  narrower,  with  a  concave  channel  in  the 
centrum,  margined  by  shorter  pedicles.  The  16th  is  4  j  inches  long. 
The  20th  is  4  inches  long,  has  the  centrum  2|  inches  wide  pos- 
teriorly, and,  as  preserved,  is  2|  inches  deep.  The  least  diameter  of 
the  centrum  where  most  constricted  is  1  j  inch.  The  articular  ends 
are  greatly  flattened,  but  slightly  concave,  as  in  many  Plesiosaurs. 
The  pedicles  for  the  neural  arch  remain  at  one  inch  from  the  anterior 
margin ;  the  extreme  external  width  across  the  pedicles  is  1|  inch ; 
the  width  of  the  neural  canal  is  $  inch ;  the  antero-postenor  ex- 
tent of  the  pedicles  is  1 J  inch.  Between  No.  28,  the  last  of  the 
Barnwell  series,  and  24,  the  first  of  the  Barton  series,  a  few  are 
probably  lost.  The  Barton  portion  of  the  animal  is  in  rather 
better  preservation,  though  a  few  of  the  vertebrae,  which  have 
been  washed  with  the  phosf  hatic  nodules  in  the  mill,  show  curi- 
ously how  the  circumstances  under  which  fossils  are  collected  may 
modify  their  appearance.  In  No.  24  the  centrum  is  3}  inches  long, 
and  2  inches  deep  in  front ;  the  anterior  articulation  is  deeply  cupped ; 
and  the  posterior  articulation  somewhat  approximates  to  a  balL  The 
least  diameter  of  the  middle  of  the  centrum  is  less  than  1 $  inch.  The 
pedicles  are  now  placed  nearly  in  the  middle  of  the  length  of  the  cen- 
trum. No.  25  is  3$  inches  long,  with  the  articular  ends  2i  inches  in 
diameter ;  they  are  deeply  cupped  with  a  central  deeper  depression. 
The  next  vertebra  has  the  articular  ends  much  flatter,  with  a  trans- 
verse depression  which  does  not  appear  to  result  from  pressure.  No. 
28  is  3|  inches  long,  and  has  pits  in  the  neural  canal  likefforamina 
for  blood-vessels.  No.  30  has  the  centrum  anteriorly  deeply  con- 
cave ;  posteriorly  it  is  subconvex  with  a  transverse  groove.  No.  35 
is  2j  inches  long.  The  posterior  articulation  is  convex  with  a  slight 
central  depression ;  as  preserved  it  is  1^  inch  wide.  The  centrum  is 
compressed  from  side  to  side,  measuring  $-  inch  in  least  diameter ; 
the  anterior  articulation  is  very  irregular.  The  neural  canal  is 
about  §  inch  wide.  The  pedicles  are  compressed,  £  inch  wide  and  1 
inch  long. 

A  few  neural  arches  are  preserved.  They  are  remarkable  for 
great  antero-posterior  extent,  compression  from  side  to  side,  and 
absence  of  a  neural  spine,  the  superior  margin  being  concave  from 
front  to  back,  and  only  rising  two  inches  above  the  top  of  the 
neural  canal  in  the  deepest  specimen.  In  that  example  the  posterior 
zygapophyBial  facets  are  preserved.  They  are  j  inch  in  diameter, 
and  are  raised  like  wafers  on  the  inferior  margin  of  the  specimen  so . 
as  to  look  outward  and  downward.  The  median  posterior  portion 
of  the  arch  is  prolonged  for  some  distance  behind  the  facets ;  ante- 
riorly the  arch  is  forked.  Further  back  in  the  tail,  where  the  arch 
is  more  depressed,  the  articular  facets  are  lost ;  but  the  posterior 
*>ss,  ovate  in  section,  is  still  directed  for  some  distance  upward 
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and  backward,  and  terminates  in  a  rounded  end.     The  length  of 
the  neural  surface  on  a  large  neural  arch  is  21  inches. 

The  irregularity  of  the  articulation  of*the  centrums  seems 
characteristic ;  for  in  a  second  series  of  three  large  vertebrae,  two 
are  procoelous  and  the  third  is  biconcave. 

Fig.  I.— Side  view  of  caudal  vertebra  of  Macrurosaurus  semnus, 
probably  about  the  35th.     (Natural  size.) 


Fig.  2. — Anterior  view  of  caudal  vertebra  of  Macrurosaurus  semnus. 
(Natural  size.) 


Two  or  three  small  vertebrae  were  also  found  about  1859  at  Barn- 
well. One  of  these  (figs.  1  &  2)  retains  the  neural  arch,  and  shows 
an  indication  of  the  separation  between  the  neural  arch  and  centrum. 
Tt  is  2f  inches  long  at  the  superior  part  of  the  centrum,  and  a  little 
less  at  the  base.     The  anterior  articulation  (fig.  2)  is  subconcave  and 
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irregular ;  the  posterior  is  subconvex,  with  a  transverse  impressed 
groove  (fig.  1).  The  articular  margin  is  somewhat  worn ;  bat  on  the 
base  the  centrum  is  somewhat  flattened,  and  on  one  side  posteriorly 
there  is  a  faint  slight  ridge  such  as  might  indicate  a  chevron  bone, 
had  there  been  any  other  reason  for  suspectiug  such  a  structure.  The 
neural  arch  seen  from  above  (where  it  is  worn)  is  wedge-shaped,  1 
inch  wide  in  front,  with  the  straight  sides  converging  posteriorly 
in  a  distance  of  1 £  inch  to  J  an  inch.  The  superior  surface  of  the 
arch  is  flattened,  and  rounds  into  the  sides ;  it  is  straight  and  in- 
clined forward ;  but  the  extremities  of  the  processes  are  broken  both 
before  and  behind.  In  front  the  height  from  the  base  of  the  cen- 
trum is  l£inch;  1J  inch  further  back  the  height  is  2  J  inches. 
The  antero-posterior  extent  of  the  pedicles  of  the  neural  arch  be- 
tween the  concave  notches  in  front  and  behind  it  is  1  inch.  The 
centrum  is  1|  inch  deep  at  the  posterior  articulation,  while  in  the 
middle  of  the  neuro-central  suture  it  is  1  inch  deep. 

In  the '  Annals  of  Natural  History '  for  November  1871,  I  de- 
scribed and  figured  under  the  name  of  AcanthophoUs  platypus  the 
metapodium  of  a  large  animal.  As  the  middle  bone  is  6  inches 
long,  and  the  bones  measure  9  inches  over  their  proximal  ends 
from  side  to  side,  and  there  is  no  other  evidence  of  bones  of  Acan- 
thopholis reaching  a  corresponding  size,  I  am  inclined  to  speculate 
on  the  probability  of  those  bones  being  a  part  of  the  foot  of 
Macrurosaurus,  probably  the  metacarpal  bones.  If  the  remains 
both  belong  to  the  same  genus,  then  Macrurosaurus  would  probably 
indicate  a  gigantic  modification  of  the  Crocodilian  type  of  Dinosaurs, 
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48.  On  Remains  of  Emts  hordwelusksis  (Seeley)  from  the  Lower 
Hordwell  Beds  in  the  Hordwell  Cliff,  contained  in  the 
Woodwardian  Museum  of  the  University  of  Cambridge.  By 
Harry  Govier  Seeley,  Esq.,  F.L.S.,  F.G.8.,  Ac,  Professor  of 
Geography  in  King's  College,  London.     (Read  June  21, 1876.) 

By  the  intervention  of  Mr.  Henry  Keeping  the  Woodwardian 
Museum  acquired  in  1868  some  fine  Chelonian  fragments  mine- 
ralized nearly  black  (now  arranged  on  shelf  d  of  case  109) — which 
after  a  little  effort  1  found  to  reunite  themselves  into  a  plastron 
from  which  the  xiphoid  bones  are  lost,  and  a  large  connected  part 
of  the  carapace  which  comprises  the  nuchal  plate  and  the  two 
adjacent  marginal  plates,  the  first  six  neural  plates,  and  portions 
more  or  less  perfect  of  the  first  five  pairs  of  costal  plates.  The 
marginal  plates  are  all  or  nearly  all  lost,  having  probably  been 
washed  away  by  the  sea  while  the  specimen  was  lying  on  the  shore.  - 
Two  disconnected  marginal  bones  were  collected  with  the  other 
remains. 

Mr.  Keeping  tells  me  that  the  horizon  of  the  fossil  is  about  20 
feet  below  the  bed  which  yields  the  chief  remains  of  Crocodilui 
Hastingice,  and  about  10  feet  above  the  brackish-water  Upper 
Bagshot  beds,  which  are  seen  in  the  cliff  rising  westward  at  an  angle 
of  3°  at  Mead  End ;  so  that  the  position  of  the  specimen  is  low 
down  in  the  Lower  Hordwell  series. 

The  fragment  of  carapace  as  preserved  is  9  inches  long  and  6 
inches  broad ;  so  that  when  perfect  it  probably  measured  about  12 
inches  in  length  and  nearly  10  inches  in  breadth.  In  length  it  is 
gently  inflated,  so  that  in  the  portion  preserved  (nine  inches)  the 
highest  part  of  the  curve  rises  more  than  an  inch  above  a  base-line 
drawn  from  the  ends  of  the  specimen.  As  is  usual,  the  transverse 
section  is  more  inflated  ;  and  in  the  width  of  6  inches  the  highest 
part  of  the  curve  rises  1|  inch  above  a  base-line  drawn  from  the 
two  sides.  The  carapace  is  impressed  with  a  small  subtriangular 
nuchal  scute,  the  first  and  part  of  the  second  marginal  scute  on 
each  side,  the  first,  second,  third,  and  part  of  the  fourth  vertebral 
scutes,  and  parts  of  the  first,  second,  and  third  pairs  of  costal  scutes. 
I  will  first  give  the  characters  of  the  scutes,  and  then  describe  the 
forms  of  the  skeletal  osseous  plates. 

The  Scutes  of  the  Carapace. 

The  nuchal  scute  (fig.  1,  nu)  is  small,  has  its  margins  sinuous,  is 
|  inch  in  length,  measures  g-  inch  in  breadth  behind,  and  is  |  inch 
wide  on  the  anterior  margin  of  the  carapace.  The  first  vertebral 
scute  (r  1)  is  six-sided  and  subpentagonal,  three  of  the  sides  being 
in  front  of  the  scute,  there  being  a  median  side  behind  the  nuchal 
scute,  and  two  lateral  margins  in  which  it  joins  the  first  marginal 
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scute  on  each  side  of  the  ouchal  scute.  It  is  2J-  inches  long  in  the 
median  line,  2£  inches  broad  at  the  anterior  lateral  angle  (where  it 
meets  the  first  marginal  and  first  costal  scutes),  and  IX  inch  broad 
along  the  sinuous  transverse  posterior  line  (in  which  it  meets  the 
second  neural  scute).  Like  all  the  other  scutal  areas,  both  of  the 
carapace  and  plastron,  it  is  marked  with  subparallel  impressed  con- 
centric lines  indicative  of  the  intermittent  growths  of  the  scutes. 
These  lines  are  least  distinct  on  the  posterior  border. 

The  first  vertebral  scute  extends  transversely  beyond  the  nuchal 
plate  (which  is  2 \  inches  broad)  so  as  to  impress  the  angles   of  the 

Fig.  1. — Carapace  o/Emys  hordwellensis.    (One  third  natural  swe.) 


tit*.  Nuohal  scute.    v\,  v  2,  v  3,  v  4.  First,  second,  third,  and  fourth  Tertebrai 
scutes,    c  1,  c  2.  First  and  second  costal  scutes. 

marginal  plates.  The  scutal  area  is  convex  in  length  as  well  as 
in  width ;  its  posterior  border  impresses  the  first  neural  plate  at 
less  than  half  an  inch  in  advance  of  its  posterior  sutural  border. 

The  second  vertebral  scute  (v  2)  is  nearly  square,  being  about  2\ 
inches  long  and  nearly  2\  inches  broad.  The  two  pairs  of  sides, 
which  are  somewhat  sinuous,  are  subparallel ;  and  the  area  is  con- 
vex in  length  as  well  as  in  width.  Its  anterior  and  posterior  borders 
cross  the  first  and  third  neural  plates,  while  its  lateral  borders  cross 
the  first,  second,  and  third  pairs  of  coBtal  plates. 
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The  third  vertebral  scute  (v  3)  has  subparallel  sides,  but  is  longer 
than  broad,  measuring  fully  2  inches  in  breadth  and  2£  inches  in 
length.  Its  anterior  and  posterior  outlines  cross  the  third  and 
fifth  neural  plates,  behind  the  middle  of  the  plate  in  both  cases ; 
and  the  lateral  outlines  cross  the  third,  fourth,  and  fifth  pairs  of 
costal  plates  at  about  half  an  inch  from  the  neural  plate  adjacent  to 
each. 

The  fourth  vertebral  scute  (v  4)  is  imperfectly  indicated  by  the 
bones  preserved,  but  was  rather  broader  than  the  third. 

The  first  costal  scute  (c  1)  in  anteroposterior  length  measures  3 
inches;  it  stretches  from  the  first  marginal  plate  to  behind  the 
middle  of  the  second  costal  plate.  Its  breadth  is  uncertain,  as  is 
that  of  all  the  other  costal  scutes,  for  every  costal  plate  is  imperfect; 
but  it  appears  to  have  been  subtriangular  and  as  broad  as  long. 
The  second  costal  scute  (c  2)  measures  2  j  inches  from  front  to 
back.  The  third  pair  of  costal  scutes  is  imperfectly  indicated.  The 
boundaries  between  these  scutes  are  all  sharply  incised  rather  than 
deeply  impressed. 


The  Osseous  Elements  of  the  Carapace. 

The  nuchal  plate  is  six-sided,  concave  along  its  front  margin, 
which  is  about  If  inch  wide.  It  is  similarly  concave  behind,  where 
it  receives  the  convex  anterior  margin  of  the  first  neural  plate,  and 
is  one  inch  wide.  Of  the  two  lateral  sutural  surfaces  on  each  side, 
those  which  join  the  marginal  plates  converge  in  front,  and  are  each 
1|  inch  long ;  those  which  join  the  first  costal  plates  converge 
behind  more  rapidly,  and  are  each  about  1|  inch  long.  The  length 
of  the  plate  in  the  median  line  is  I£  inch ;  its  greatest  width  from 
side  to  side  is  about  2J-  inches. 

The  first  neural  plate  is  subovate  in  outline,  being  convex  in 
front  and  behind  and  convex  at  the  two  sides.  Its  greatest  width 
is  1^  inch,  and  its  greatest  length  1-^  inch.  It  articulates  with 
the  nuchal  plate  in  front,  with  the  first  pair  of  costal  plates  at  the 
sides,  and  with  the  second  neural  plate  behind.  It  is  depressed  in 
its  hinder  third,  as  well  as  impressed  by  the  transverse  scutal 
margin. 

The  second  neural  plate,  which  is  short  and  broad  and  gently 
convex,  has  the  usual  shape.  It  is  concave  in  front,  and  an  inch 
wide  where  it  meets  the  first  neural  plate.  Here  there  are  lateral 
shoulders  a  quarter  of  an  inch  long,  which  meet  the  first  pair  of 
costal  plates,  and  widen  the  bone  to  1^  inch.  The  posteriorly 
converging  lateral  surfaces  which  meet  the  second  pair  of  costal 
plates,  measure  \%  inch  in  length.  The  bone  in  the  median  line 
is  1 £  inch  long,  and  is  {$  inch  wide  posteriorly,  where  it  joins 
the  third  neural  plate. 

The  third  neural  plate  has  the  same  general  form  as  the  second, 
but  is  longer ;  and  it  is  depressed  behind  the  middle,  but  not  so 
deeply  as  the  first  neural  plate.     It  is  1|  inch  long  in  the  median 
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line ;  it  is  1|  inch  broad  across  the  shoulders  for  the  second  pair 
of  costal  plates,  measures  nearly  1£  inch  along  the  posteriorly 
converging  lateral  surfaces  for  the  third  pair  of  costal  plates,  and 
is  |4  inch  wide  behind. 

The  fourth  neural  plate  is  more  like  the  second,  but  is  relatively 
wider  behind.  It  is  smooth  and  convex,  and  measures  1A  inch 
in  length,  is  1-^-  inch  broad  over  the  shoulders  for  the  third  pair 
of  costal  plates,  and  measures  -fj  inch  along  the  posterior  sides  for  the 
fourth  pair  of  costal  plates.  These  sides  do  not  converge  so  rapidly 
as  those  of  the  plates  in  front ;  the  bone  measures  £  inch  from  side 
.  to  side  behind. 

The  fifth  neural  plate  is  subquadrate;  it  is  crossed  transversely 
behind  the  middle  by  the  scutal  impression.  It  measures  1|  inch 
long,  lj  inch  broad  over  the  shoulders  in  front,  j£  inch  along 
the  lateral  border,  and  \$  inch  wide  from  side  to  side  behind. 

The  sixth  neural  plate  is  transversely  oblong,  |  inch  long,  1  j 
inch  broad,  aud  fully  an  inch  broad  behind. 

These  neural  plates  are  less  than  \  inch  thick ;  and  to  each  of  them 
is  ankylosed  the  neural  arch  of  a  vertebra.  The  neural  arches  are 
greatly  compressed  from  side  to  side,  and  are  expanded  a  little  in 
the  middle,  where  two  centrums  met  and  gave  attachment  to  the  rib. 
The  neural  arches  become  successively  wider  from  before  backward : 
this  character  was  probably  also  seen  in  the  centrums.  The  fifth 
neural  arch  has  the  anterior  half  of  the  corresponding  centrum  pre- 
served. It  is  remarkable  for  compression  from  above  downwards, 
expansion  opposite  the  rib,  and  constriction  in  the  middle  of  the 
centrum.  The  rib  articulates  both  with  the  centrum  and  with  the 
neural  arch. 

The  nuchal  plate  is  greatly  thickened  on  the  visceral  surface,  in 
a  line  which  corresponds  to  the  transverse  scutal  impression.  In 
front  of  this  line  the  marginal  scutes  are  prolonged  on  the  under- 
side of  the  carapace ;  behind  it  the  plate  is  smoothly  excavated  as 
if  to  form  a  recess  for  the  animal's  head.  The  first  epipleural  plates 
are  greatly  thickened  where  they  join  the  marginal  plates  anteriorly, 
and  have  blended  with  them  a  pair  of  strong  greatly  elevated  ribs 
which  curve  forward.  But  the  second,  third,  and  fourth  epipleural 
plates  show  no  sign  of  the  confluent  rib,  except  where  it  rises  near 
the  centrum  at  a  sharp  angle  as  a  narrow  pedicle  compressed  from 
above  downward.  The  transverse  space  between  the  bases  of  the 
first  pair  of  ribs  is  1|  inch ;  but  the  distance  lessens  from  before  back- 
ward ;  between  the  fifth  pair  it  has  diminished  to  1|  inoh.  This 
pair  of  epipleural  elements  has  the  rib  slightly  elevated. 

The  costal  or  epipleural  plates  are  all  imperfect.  The  first  pair  is 
by  far  the  largest.  Each  is  of  irregular  form ;  and,  owing  to  the  fact 
that  it  meets  the  nuchal  plate  and  three  marginal  plates,  its  outlines 
converge  towards  both  ends.  It  is  2  inches  long  in  a  line  with 
the  suture  between  the  nuchal  plate  and  the  first  marginal. 

The  second  costal  plate  widens  outward  from  li  inch  near  the 
ural  plate  to  1£  iDCh  where  fractured,     It  is  marked  with  a 
hapea  scutal  impression. 
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Third  pair  of  costal  plates  hammer-headed  at  their  junction  with 
ttte  neural  plates,  where  they  measure  \\  inch  in  length;  hut 
they  become  narrower,  and  where  fractured  measure  only  an  inch  in 
length. 

The  fourth  costal  plate  where  it  joins  the  neural  plate  is 
curved  backward;  it  is  about  1|  inch  long,  and  gets  narrower 
from  within  outward. 

The  fifth  costal  plate  has  the  same  form,  and  is  an  inch  long. 


The  Plastron. 

The  plastron  (fig.  2)  is  made  up  of  the  usual  bones.  A  some- 
what heart-shaped  five-sided  interclavicle  (or  sternum,  fig.  2,  i.e)  is 
enclosed  in  front  by  two  clavicles  (c),  and  behind  by  two  hyosternal 
bones  (hy),  which  are  followed  by  two  hyposternal  elements  (hp). 
The  plastron  is  more  than  usually  convex  from  front  to  back. 

Fig.  2. — PUutron  o/Emys  hordwellensis.     (One  third  natural  siae.) 


e.  Clavicle,     i.e.  Interclavicle.    hy.  Hyosternal.    hp.  Hyposternal. 

The  gular  scutes  are  small,  and  become  narrower  from  the  median 
line  outward;  each  measures  1£  inch  from  the  median  line  trans- 
versely, and  j  inoh  from  before  backward.  The  postgular  or  humeral 
scutes  are  large,  and  have  the  posterior  margin  convex,  though  the 

2i2 
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border  is  sinuous ;  they  are  entirely  in  the  hyosternal  bones.  Thej 
measure  1|  inch  in  length  in  the  median  line ;  and  each  acute  is 
2£  inches  broad ;  in  the  entosternal  or  interclavicular  region  the 
plates  are  concave. 

The  pectoral  scutes  have  subparallel  borders ;  they  are  14  inch 
long;  and  each  is  3£  inches  broad.  Their  posterior  border  is 
entirely  in  the  hyosternal  bones. 

The  abdominal  scutes  are  3  inches  in  length ;  and  each  is  nearly 
square.  Their  posterior  border  is  1|  inch  from  the  hinder  border 
of  the  hyposternal  bones.  The  femoral  plates  are  imperfectly  in- 
dicated. 

The  hyposternal  plates  are  3£  inches  long ;  and  each  is  2f  inches 
broad  to  the  femoral  notch,  and  |  an  inch  thick  where  it  joins  the 
xiphisternal  bones  behind. 

The  hyosternal  plates  measure  4  inches  in  extreme  length  from  the 
margins  Where  they  join  the  clavicles  to  the  hyposternal  suture ;  but 
they  measure  only  If  inch  in  the  median  line.  Each  is  2j  inches 
broad  at  the  humeral  notch,  and  3|  inches  broad  at  the  lateral 
suture. 

The  interclavicle  is  2  J  inches  broad  and  1|  inoh  in  length.  It 
is  rounded  in  front,  and  nas  two  straight  anterior  surfaces  for  union 
with  the  clavicles  ;  posteriorly  the  bone  is  convex ;  and  this  margin 
is  received  into  a  concavity  formed  by  the  hyosternal  bones. 

In  front  the  clavicles  form  a  concave  border  2^  inches  long ;  this 
border  terminates  laterally  in  a  sharp  angle,  behind  which  the  bone 
extends  laterally  en  each  side  for  If  inch.  Every  scutal  area  is 
marked  with  eoneentric  lines  of  growth. 

The  only  Emydian  remains  from  Hordwell  hitherto  noticed  are 
a  few  isolated  plates  figured  by  Prof.  Owen  in  1849,  in  the  PaUaon- 
tographical  Society's  Monograph  of  the  fossil  Tertiary  Beptilia 
(pi.  xxiv.),  and  the  hyosternal  and  the  hyposternal  bones  of  a  large 
Chelonian  plastron  (pi.  xxvii.),  named  Emy$  crassus.  These  latter 
remains  are  briefly  noticed  on  the  last  page  of  the  monograph,  and 
are  said  to  be  remarkable  for  their  large  size  and  great  thickness. 
The  hyosternal  bone  is  in  the  British  Museum.  And  the  hyosternal 
bone  in  the  species  now  described  differs  from  it  not  only  in  these 
points,  but  in  the  form  of  the  plate,  which  is  more  rounded  anteriorly, 
and  in  the  positions  of  the  scutal  impressions. 

The  most  distinctive  characters  by  which  this  species  is  separated 
from  all  others,  recent  or  fossil,  are : — the  broad,  short,  gular  scutes 
with  sinuous  sutures ;  the  subtriangular  nuchal  scute ;  the  sub- 
pentagonal  first  vertebral  scute,  broader  than  the  succeeding 
quadrate  vertebral  acates ;  and  the  concentric  ornamentation  left  on 
the  carapace  and  plastron  by  all  the  scutes. 
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49.  On  the  Mods  0/ Occurrence  and  Derivation  of  Beds  0/ Drifted 
Coal  near  Corwen,  North  Wales.  By  D.  Mackintosh,  Esq., 
F.G.S.*    (Read  June  21st,  1876.) 

About  four  years  ago  the  late  Mr.  Jones,  of  Angharad,  directed  my 
attention  to  the  remarkable  fact  that  beds  of  drifted  coal  are  to  be 
found  in  sand  and  gravel  around  Corwen,  at  a  great  distance  from 
any  known  coal  in  situ.  The  belief  that  this  coal  was  of  local  deri- 
vation had  led  to  unsuccessful  mining  operations  in  the  Wenlock 
rocks  of  the  neighbourhood. 

Positions  occupied  by  the  Drifted  Coal. — Around  Corwen  the  lowest 
drift  consists  of  yellowish  (occasionally  bluish)  clay,  irregularly 
alternating  with  beds  of  coarse  gravel.  Many  large  boulders  are  to 
be  found  at  or  near  its  base ;  and  still  larger  boulders  occur  at  or 
near  its  summit  The  former  are  often  rounded  and  local ;  the  latter 
8ubangular,  or  angular,  and  erratic  (chiefly  from  the  Arenig  hills  to 
the  west).  Above  this  drift  there  is  a  deposit  of  clean  sand  and 
fine  gravel,  which,  in  other  parts  of  the  Dee  valley,  often  graduates 
into  very  coarse  gravel  with  boulders.  In  many  places  around 
Corwen  this  deposit  is  covered  by  an  irregular  kind  of  brick  clay. 
The  coal  is  generally  found  in  the  sand  and  fine  gravel.  Imme- 
diately to  the  east  of  the  mountain-limestone  quarry  (about  a  mile 
and  a  half  to  the  west  of  Corwen),  a  roadside  section  shows  fine 
gravel  and  sand  with  streaks  of  decomposed  coal.  In  the  Dee 
valley,  some  distance  east  of  Corwen,  and  not  far  from  Carrog  station, 
considerable  quantities  of  coal  may  be  seen  imbedded  in  sand  in  the 
railway-cutting.  I  was  assured  that  coal  may  be  found  in  many 
other  places  around  Corwen  ;  but  the  principal  instance  occurs  to 
the  north  of  the  town,  and  near  to  where  the  Denbigh  railway 
crosses  the  river  Dee.  In  the  deep  railway-cutting  on  the  north 
side  of  the  river  there  are  several  beds  of  coal  in  forms  varying 
from  large  lumps  to  fine  dust.  At  the  time  when  the  cutting  was 
made  the  coal  kept  a  temporary  smithy  going  for  about  a  month. 
The  outcrop  of  the  coal-beds  may  still  be  seen  after  removing  a 
facing  of  sand.  The  fine  gravel  associated  with  these  beds,  so  far 
as  I  could  see,  is  almost  entirely  made  up  of  local  micaceous  Silurian 
grit ;  and  none  of  the  small  stones  show  any  decided  traces  of  glacial 
action,  in  this  respect  differing  from  the  boulders  in  the  underlying 
drift,  which  are  often  intensely  striated.  Northward  from  this 
cutting,  in  the  direction  of  Denbigh,  I  could  find  no  indications  of 
coal  in  the  sand  and  gravel ;  and  this  seemed  to  suggest  that  the 
coal  could  not  have  been  transported  from  the  Vale  of  Clwyd. 

*  This  paper  is  intended  as  a  supplement  to  one  entitled  "Additional 
Remarks  on  Boulders,  Ac."  which  appeared  in  *  Quart.  Journ.  Geol.  Soc'  for 
December  1874,  vol.  xxx.  p.  711.  Since  that  paper  was  written,  I  hare  traced 
the  dispersion  of  felspathic  boulders  from  the  Great  Arenig,  in  a  south-easterly 
direction,  across  Bala  Lake,  and  hare  likewise  found  Arenig  boulders  arouni} 
Denbigh ;  so  that  they  must  have  radiated  over  the  fourth  of  a  circle. 
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Derivation  of  the  Drifted  CoaL — In  order  to  arrive  at  a  satisfactory 
conclusion  on  this  subject,  it  may  be  necessary  to  take  into  account 
the  direction  of  the  glaciation  in  the  neighbourhood  of  Corwen. 
On  the  north  slope  of  the  hill  to  the  south  of  the  town,  after  care- 
fully eliminating  a  number  of  structural  furrows  on  rock-surfaces, 
which  could  be  traced  to  where  they  ran  under  overlying  strata,  I 
found  true  glacial  striae  coinciding  with  the  rounded  sides  of  rocky 
projections  pointing  to  about  W.S.W.,  or  approximately   in  the 
direction  from  which  the  boulders  of  the  district  were  transported. 
This  at  first  led  me  to  suppose  that  the  coal  had  been  drifted  from 
W.S.W.;  but  this  involved  the  supposition  that  a  portion  of  the  coal 
formation  in  situ  must  have  been  faulted  down  *  on  the  top  of  the 
remarkable  outlier  of  Mountain  Limestone  which  occurs  about  a  mile 
and  a  half  west  of  Corwen,  and  that,  as  the  limestone  strata  dip 
between  KNJS.  and  N.E.  at  an  angle  of  about  45°,  the  coal  in  situ 
must  have  remained  in  a  depression  (now  covered  with  drift)  on  the 
east  or  dip  side  of  the  limestone  until  the  glacial  period,  if  not 
until  the  present  time.     After  corresponding  with  Mr.  Aveline  (who 
formerly  surveyed  this  part  of  Wales,  and  who  informed  me  that  he 
regarded  the  above  theory  as  very  improbable),  and  after  reconsidering 
the  subject,  I  became  convinced  that  the  drifted  coal  around  Corwen 
must  have  come  from  the  Cefh  and  Ruabon  district,  about  12  miles 
east  of  Corwen  in  a  straight  line,  but  at  least  20  miles  following  the 
sinuosities  of  the  valley  of  the  Bee.    The  height  above  the  sea  of 
the  drifted  coal  in  the  cutting  north  of  Corwen  is  about  550  feet, 
which  is  not  high  enough  to  preclude  the  idea  of  its  having  found  its 
way  from  the  above  district ;  and  this  idea  is  corroborated  by  the 
similarity  of  the  Corwen  to  the  Ruabon  coal  t. 

Mode  of  Transportation  of  the  Corwen  Coal. — As  no  boulders, 
striated  stones,  or  other  traces  of  glacial  action  are  to  be  found 
immediately  associated  with  the  drifted  coal  under  consideration,  it 
would  seem  that  it  must  have  been  transported  during  a  compara- 
tively temperate  interglacial  period  when  very  little  ice  floated  on 
the  surface  of  the  sea,  but  still  sufficient  ice  to  carry  lumps  of  coal 
(though  not  large  fragments  of  rock)  as  far  as  Corwen.  The  limi- 
tation of  the  Corwen  coal  to  a  low  level  suggests  the  idea  that  at 
the  time  of  its  transportation  the  land  was  not  submerged  beyond 
a  few  hundred  feet,  and  that  the  coal  was  floated  along  the  sinuosi- 
ties of  the  valley  of  the  Dee,  until,  arriving  at  shallow  water  in  the 
Corwen  area,  it  stranded,  and  became  imbedded  in  sand  by  sea- 
currents  or  waves.  It  is  not  necessary  to  suppose  that  there  was 
any  thing  more  than  a  tidal  current  flowing  up  the  Dee  valley  at  the 
time  when  the  coal  was  floated. 

Principal  Bearing  of  the  subject  on  Glacial  Geology. — If  the  fore- 
going be  a  correct  explanation  of  the  derivation  of  the  Corwen  coal, 
it  follows  that  during  the  glacial  (including  interglacial)  period,  the 

*  The  great  Bala  fault,  which  divides  the  whole  of  North  Wales  into  two 
parts,  runs  through  the  Vale  of  Corwen. 

t  In  the  drift  around  Ruabon  and  Wrexham  there  is  a  considerable  quantity 
c»f  coal  debris,  showing  that  at  least  a  local  drifting  of  coal  must  hare  occurred. 
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transportation  of  dibris  may  at  times  have  taken  place  in  a  direction 
almost  diametrically  opposite  to  that  of  the  glacxation  of  a  district. 
But  it  would  not  be  difficult  to  bring  forward  many  instances  in  the 
north-west  of  England  and  Wales,  of  the  interweaving  of  drifts  from 
points  of  the  compass  ranging  from  90°  to  even  180°.  This  inter- 
weaving, however,  is  generally  of  very  limited  extent. 

Postscript. — Since  this  paper  was  written  I  have  unexpectedly 
had  occasion  to  visit  the  Corwen  district  a  second  time.  I  reexa- 
mined the  coal-beds  in  the  railway  north  of  Corwen,  and  in  the 
fine  gravelly  matrix  of  one  of  them  found  a  considerable  variety  of 
rock-specimens,  in  this  respect  differing  from  the  coarser  gravel  I 
had  previously  observed.  The  gravel,  in  all  probability,  was  partly 
worked  up  out  of  the  underlying  or  adjacent  Boulder-drift :  but  such 
could  not  have  been  the  case  with  the  angular  lumps  of  coal ;  for, 
while  the  waves  would  have  rounded  them  or  reduced  them  to 
powder,  no  trace  of  coal  (so  far  as  I  am  aware)  has  yet  been  found 
in  the  Boulder-drift.  A  little  north  of  this  spot,  Mr.  Jones,  toll- 
house keeper,  has  lately  found  coal  in  still  greater  abundance. 
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50.  Or  m  Abduct  Form  o/Pboductus  aiui  a  Shall  8fxbifebdea 
/>*»  <A«  Lowrr  CAXRoymxoiTB  Luubiojb  Group  of  the  East 
•/  8coTL*jn>  *.  By  K  Ethrridgb,  Esq.,  Jan.,  F.G.S.  (Bead 
Jane  21,  1876.) 

[Plate*  XXIV.  &  XXV.] 

I.  Oh  ah  Adbbbrht  Form  of  Productus. 

1.  Introduction. — The  habits  and  mode  of  life  of  the  Prodveti 
hare  been  a  fruitful  source  of  speculation  to  the  various  authors 
who  have  written  on  the  genua.  Some  writere  contended  that  the 
various  species  lived  a  free  and  independent  life ;  others,  on  the 
contrary,  conceived  that  they  were  attached  by  muscular  fibres 
passing  from  the  interior  of  the  shell,  and  in  fact  acting  the  part  of 
a  byssus,  whilst  yet  others  believed  that  their  position  during  life 
was  at  least  aided  by  the  long  tubes  or  spines  which  usually  orna- 
ment their  surface. 

I  have  now  much  pleasure  in  announcing  the  discovery  (by  Mr. 
James  Bennie,  of  the  Geological  Survey  of  Scotland)  of  an  adherent 
form  of  Productus,  which,  although  not  an  entirely  new  met  in  con- 
nexion with  this  genus  and  its  allies,  has  not,  so  far  as  I  am  aware, 
been  observed  in  so  complete  a  manner  before.  Notwithstanding 
that  the  facts  now  brought  to  light  will  not  warrant  us  in  applying 
the  principle  to  the  whole  of  the  Producti,  they  yet  conclusively 
prove  that  at  least  one  form  spent  a  very  considerable  portion  if 
not  the  whole  of  its  existence  adhering  firmly  by  its  spines  to  ex- 
traneous bodies. 

The  specimens  were  met  with  by  Mr.  Bennie  in  the  Lower 
Carboniferous  Limestone  group  at  two  localities  in  East  Lothian,  at 
one  of  which  the  form  occurs  rather  abundantly,  as  the  collections 
of  the  Geological  Survey  of  Scotland  and  Museum  of  Practical 
Geology  now  collectively  contain  at  least  one  hundred  and  forty 
individuals. 

2.  Bibliography. — Before  proceeding  to  describe  the  specimens,  it 
will  be  as  well  to  give  a  brief  digest  of  the  principal  views  held  by 
previous  writers  on  the  mode  of  life  of  Productus  and  the  use  of  the 
spines  scattered  over  the  valves  of  many  of  its  species. 

1828.  The  Rev.  Dr.  Fleming  considered  it  "  probable  that  all  the 
Producti  and  Pentameri  were  free  shells  "f. 

1831.  Baron  von  Buch,  under  the  generic  name  of  LepUwna, 
described  a  shell  resembling  a  Productus,  with  annulated  tubes  along 
the  hinge-line  on  each  side  of  the  umbo,  and  communicating  by  holes 
placed  under  the  hinge-line  with  the  interior  of  the  shell,  and 

*  Communicated  with  the  permission  of  the  Director-General  of  the  Geolo- 
gical Surrey  of  the  United  Kingdom, 
t  British  Animal*,  p.  380. 
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'through  which,  he  considered,  passed  small  tendons  of  attach- 
ment *. 

1831.  M.  G.  P.  Deshayes,  in  giving  the  characters  which  separate 
the  genera  Terebratula  and  Productus,  drew  attention  to  the  absence 
of  any  foramen  in  the  beak  of  the  latter,  the  resulting  want  of  a 
peduncle,  and  probable  free  condition  of  the  shell  f. 

1832.  The  same  author,  in  his  continuation  of  Bruguiere's  '  En- 
cyclopedic M&hodique,'  stated  that  Productus  showed  no  trace  of 
attachment,  and  lived  a  free  life  after  the  manner  of  a  large  number 
of  the  Acephalous  Mollusca  £. 

1835.  The  Rev.  A.  Sedgwick  and  Sir  R.  I.  (then  Mr.)  Murchison, 
in  their  paper  "  On  the  Geological  Relations  of  the  Secondary  Strata 
in  the  Island  of  Arran  "§,  describe  Producta  scotica,  Sow.  (=P. 
semireticulatus,  Mart.)  as  occurring  in  the  Carboniferous  Limestone 
of  the  Corry  Caverns  so  abundantly  "  as  entirely  to  form  the  lower 
layer  of  many  of  the  beds,  being  arranged  very  symmetrically  in  the 
exact  position  of  the  living  shell  [misprinted  shale]  with  their  con- 
vex valves  downwards." 

1836.  M.  G.  P.  Deshayes,  in  the  second  edition  of  Lamarck's 
famous  work  ||,  states  that  from  the  absence  of  spines  in  some  Pro- 
ducti  he  was  disposed  to  abandon  his  opinion  regarding  the  use  of 
the  tubes  or  spines  as  a  passage  for  tendinous  appendages  (appendices 
tendintux)  of  attachment,  replacing  the  peduncle  of  Terebratula  IT. 

1838.  M.  von  Buch,  in  his  <  Essai  d'une  Classification  et  d'une 
Description  des  Ter&ratules  '**,  divides  the  Brachiopoda  into  two 
groups.  In  the  non-perforate  division  of  the  second  section  of  the 
first  group,  or  those  with  the  point  of  attachment  from  the  edge  of 
the  upper  valve  below  the  hinge-margin,  M.  von  Buch  placed  the 
genera  Caleeola  and  Leptama,  including  in  the  latter  Productus  and 
Strophomena. 

The  views  previously  enunciated  by  M.  von  Buch  as  to  the  nature 
of  the  tubes  in  Productus,  appear  to  have  been  abandoned  by  that 
eminent  naturalist  in  his  memoir  "  Ueber Productus  oder Leptama" tt. 
He  there  considers  it  very  doubtful  if  the  tubes  or  spines  were  used 
for  fastening  the  shell ;  for  he  found  that  in  some  species,  instead  of 
being  confined  to  the  hinge-line,  they  were  scattered  over  the  shell, 
as  in  Productus  acuUatus. 

•  Abh.  d.  k.  Akad.  Wiss.  z.  Berlin,  aus  dem  Jahre  1828  (pub.  1831),  pp.  53-56. 
t  Descr.  des  Coa.  cararteristiques  dee  Terr.  p.  112. 

{  Encyclopedic  if  ethodique :  Hist.  Nat.  des  Vers,  par  Bruguiere  et  de  La- 
marck, continuee  par  M.  G-.  P.  Deshayes,  iii.  p.  846. 


J  Trans.  Geol.  Soc  2nd  ser.  Hi.  p. 


Hist  Nat.  des  Anim.  sans  Verteb.,  par  J.  B.  P.  A.  de  Lamarck.  Deuxieme 
coition,  par  MM  €k  P.  Deshayes  et  Milne-Edwards,  vii.  pp.  378,  370. 

%  According  to  Prof,  de  Koninck,  the  division  by  M.  Deshayes  of  the  Tere- 
bratuliform  shells  into  two  genera,  Terebratula  and  Productus,  on  the  presence 
or  absence  of  any  opening  in  the  beak,  was  an  erroneous  one.  Deshayes  placed 
in  Productus  all  those  with  an  articulated  hinge  in  which  the  opening  is  quite 
obliterated,  and  completely  neglected  the  presence  and  form  of  the  area  Ac. 
(Anim.  Foes.  Terr.  Carb.  Belg.  p.  150,  and  Mon.  Productus  et  Chonetes,  p.  8). 

**  Mem.  Soc.  Geol.  de  France,  iii.  p.  126. 

tt  Abh.  d.  k.  Akad.  Wiss.  *.  Berlin,  bus  dem  Jnhre  1841  (pub,  1843),  pp.  53-56. 
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1842.  M.  Bouchaid-Chantereaux  described  a  Devonian  Piodmehu 
from  the  neighbourhood  of  Boulogne  possessing  a  rudimentary  area 
and  a  median  triangular  cleft  under  the  beak,  through  which  the 
author  supposed  a  peduncle  for  its  attachment  passed  *. 

1844(1842-).  Prof.  L.  de  Koninck.  It  is  impossible  to  reconcile, 
says  this  eminent  author,  the  presence  of  the  long  and  delicate  tabes 
of  the  Producti  with  the  idea  that  they  could  withstand  the  tossing 
waves  of  the  sea  and  the  buffeting  with  a  large  number  of  rough 
bodies,  which  evidently  would  have  destroyed  them.  It  is  impro- 
bable, he  adds,  that  attachment  took  place  by  means  of  ligaments 
issuing  from  these  tubes  or  spines,  according  to  the  view  formerly 
held  by  1£.  von  Buch  ;  neither  does  he  think  that  there  is  sufficient 
evidence  to  admit  that  the  Producti  were  fixed  by  fibres  issuing 
along  the  hinge-margin  of  the  valves.  Prof,  de  Koninck  supposes 
that  muscular  fibres  issued  from  between  the  free  edges  of  the  valves, 
and  so  gave  attachment  to  the  shell,  and  in  support  of  his  view  cites 
the  case  of  P.  proboscideus,  De  Vern.,  in  which  he  thinks  the  tubular 
prolongation  served  to  protect  the  fibres  of  attachment  t. 

1845.  M.  de  Verneuil  supported  the  later  opinion  of  M.  von  Buch, 
that  the  cardinal  spines  did  not  serve  to  attach  the  shells  to  submarine 
bodies,  but,  he  added,  were  probably  used  as  channels  for  the  introduc- 
tion of  water  into  the  interior  of  the  shell,  necessary  for  its  life  and 
respiration  $.  M.  de  Verneuil  considers  that  the  Pivducti,  with  the 
exception  of  those  species  possessing  a  rudimentary  area  and  a  median 
triangular  cleft  (P.  Jwrrescens,  P.  subaculeatus,  and  P.  producUrida), 
have  the  cardinal  margins  so  tightly  pressed  and  united  along  the 
whole  length  of  the  hinge  that  there  is  neither  room  for  an  area  nor 
for  a  triangular  cleft.  With  regard  to  those  species  in  which  the  latter 
did  exist  he  had  considerable  difficulty  in  conceiving  that  it  gave 
exit  to  a  muscle  of  attachment  §.  Of  the  opinions  expressed  by  M. 
Deshayee  and  Prof,  de  Koninck,  on  the  one  hand  that  the  Producti 
were  free  and  non-adherent,  and  on  the  other  that  they  held  fast  by 
muscular  fibres  passing  from  between  the  free  edges  of  the  valves, 
De  Verneuil  conceived  the  former  to  be  the  more  probable  of  the 
two.  Notwithstanding  the  peculiar  prolongation  of  the  shell  in  P. 
proboteideus,  which  lends  colour  to  the  latter  theory,  the  valves  are 
so  united  and  tightly  pressed  along  their  margins  that  it  is  difficult 
to  imagine  how  they  could  have  been  separated  by  fibres  during  the 
life  of  the  mollusk  ||.  If  the  Producti  were,  as  a  rule,  free  shells, 
adds  M.  de  Verneuil,  some,  however,  were  attached  by  the  apex  of 
the  beak  of  the  convex  valve,  as  for  instance  P.  horrescens,  De  Vern. 
In  this  species  the  part  in  question  is  obliquely  truncated ;  and  it  is 
probable  that  it  adhered  by  the  apex  of  the  beak  or  by  very  short 
fibres  which  issued  from  the  base  of  the  median  aperture  or  cleft  1F. 
Finally,  in  a  note  **  to  the  general  description  of  Productus,  De 

*  Ann.  d.  So.  Nat  2*  se>.,  Zoologie,  xviii.  p.  160. 
t  Anim.  Foaa.  Terr.  Carb.  Belg.  pp.  153  &  204. 

$  Geol.  de  la  Rturie  d'Europe,  ic.,  par  R.  I.  Murchieon  E.  de  Verneuil,  ei 
le  Comte  A.  de  Keyserling,  ii.  p.  249. 

I  Ibid.  pp.  249,  250.        |  Ibid,  p.  250.       f  Ibid.  p.  286.    **  Ibid.  p.  249. 
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Yerneuil  adds  that  the  tabes  or  spines  could  not  in  the  least  have 
served  to  attach  the  shell. 

1846.  Count  A.  von  Keyserling  appears  to  have  believed  that  the 
Producti  lived  with  their  convex  or  ventral  valves  downwards,  a 
position  which  would  be  assumed  by  an  example  if  thrown  into 
water,  divested  of  matrix,  and  filled  with  a  material  having  the  same 
specific  weight  as  water  *. 

1847.  Prof.  L.  de  Koninck,  in  criticising  M.  de  Verneuil's  theory 
as  to  tho  admission  of  water  through  the  tubes  or  spines,  thinks  that, 
had  they  been  intended  for  so  important  an  office,  it  is  probable  that 
their  distribution  over  the  valves  of  the  shell  would  not  have  been 
left  so  much  to  ihance — in  other  words,  that  the  distribution  would 
have  been  on  a  more  defined  plan  f.  The  views  expressed  by  M.  de 
Yerneuil  on  the  theory  of  M.  Bouchard-Chantereaux  are  acquiesced 
in  ;  and  Prof,  de  Koninck  further  believes  that  the  latter  writer  in- 
cluded in  his  Productus  certain  forms  which  should  have  been  placed 
in  Leptcena.  The  learned  author  is  unable  to  reconcile  a  free  and 
unattached  habit  (as  supposed  by  M.  Deshayes  and  others)  with  the 
possession  of  long  and  delicate  tubes  by  the  majority  of  the  species. 
He  believes  that  in  the  Producti,  with  the  exception  of  P.  probosei- 
deus  and  its  allies  P.  Nystianus  and  P.  genuinus,  the  fibres  of  attach- 
ment issued  from  between  the  free  margins  of  the  valves.  The 
truncated  apex  of  the  beak  in  P.  horrescens  is  regarded,  not  as  caused 
by  the  attachment  of  the  shell  directly  to  submarine  bodies  by  the 
beak,  but  by  friction  of  the  same  part  against  the  rock  to  which  the 
animal  was  attached  by  its  fibres  $. 

1848.  Prof.  H.  B.  Geinitz  figures  an  example  of  Orthotrix  Gold- 
fussi,  Miinster  (**Str<yphal<ma,  King),  from  the  Lower  Zechstein  of 
Milbitz  near  Gera,  which  is  distinctly  represented  with  some  of  its 
hinge-spines  encircling  and  clinging  to  a  spine  of  Productus  hor- 
ridus  §.  On  the  succeeding  plate  he  gives  a  restoration  of  P.  hor- 
ridus,  Sow.,  suspended  by  its  fibres  of  attachment  passing  from 
between  the  valves  ||. 

1850.  M.  A.  d'Orbigny  supposed  that  the  Producti  rested  on  sea- 
bottoms  of  fine  sediment  with  their  convex  or  ventral  valves  down- 
wards, held  in  that  position  by  the  long  spines,  which  he  compared 
to  those  of  Spondylus  striata*  and  other  shells.  The  mode  of 
attachment  of  P.  horridus  he  regarded  as  exceptional,  and  the  pro- 
boscis-like prolongation  of  P.  proboscideus  as  a  deformity  due  to  an 
accidentally  constrained  position  of  the  shell  in  holes  or  crevices  of 
rock  during  life,  the  edges  of  the  mantle  being  prolonged  upwards 
so  as  to  reach  the  surface  of  the  ground  %. 

•  Reiie  in  das  Petechora-Land  im  Jahre  1843,  pp.  188,  199. 
t  Monographic  du  genre  Productus,  Mem.  Soo.  ttoyale  des  So.  de  Liege,  ir. 
pp.  104,  112-114;  Recb.  sur  lee  Anim.  Fobs.,  Mon.  dee  Genre*  Productus  et 
Chonetes,  p.  15. 
\  Ibid.  pp.  21,  22. 

~  Die  Vewteinerungen  dee  deutechen  Zecbsteingebirgee,  pi.  2.  fig.  27,  6,  e. 
T.  6.  f.  1. 
Ann.  dee  Sc.  Nat.  ee>.  3,  xiii.  (Zooiogie)  p.  314. 
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1850.  Prof.  W.  King  figured  and  described  a  specimen  of  Stro- 
phalosia  parva  (King)*  adhering  to  the  interior  of  the  shell  of 
Produetus  horridus  by  means  of  its  umbone  and  the  spines  of  that 
part  of  the  shell.  Prof.  King  considered  this  to  be  the  mode  of 
attachment  of  all  the  species  of  Btrophalosia,  at  least  in  the  young 
state  t. 

1851.  Dr.  H.  G.  Bronn  %  doubts  if  the  spines  were  used  for  the 
conveyance  of  water  into  the  shell  at  all ;  for  had  they  done  so  their 
distribution  over  the  shell  would  have  been  regular  and  strictly 
determined. 

1853.  Mr.  T.  Davidson,  in  his  magnificent  '  Monograph  of  the 
British  Fossil  Brachiopoda,'  passed  in  review  the  various  speculations 
whioh  had  been  advanced  on  the  habits  of  Produetus,  and  adopted 
D'Orbigny's  view  of  the  function  of  the  proboscis  of  P.  pro- 
bo8cideus§. 

1854.  The  late  Dr.  S.  P.  Woodward  considered  that  the  Product* 
may  have  been  attached  when  young,  and  that  a  few  species  were 
perhaps  permanently  fixed.  The  large  spines  on  the  ears  of  the 
ventral  valve  may  have  served  to  moor  the  shell  ||. 

1857.  Mr.  T.  Davidson,  in  a  note  appended  to  the  description  of 
Strophalosia  Goldfussi,  Minister  («  S.  parva,  King?),  quotes  a 
remark  of  Prof,  de  Koninck's  that  "  sometimes  the  spines  while  inter- 
lacing each  other  surround  foreign  objects  which  may  lie  within 
their  reach,  and  that  those  situated  on  the  beak  appear  to  have  pos- 
sessed that  faculty  in  particular."  Specimens,  says  Mr.  Davidson, 
are  in  the  possession  of  Prof,  de  Koninck  in  which  the  spines  envelop 
a  fragment  of  the  spine  of  P.  horridus  %. 

1860.  Chevalier  d'Eichwald  considers  that  the  use  of  the  spines 
or  tubes  is  unknown ;  they  are  probably  simply  ornamental. 
According  to  his  view  P.  proboscideus  was  fixed  to  rocks  by  its  long 
tube ;  and  from  this  he  argues  that  probably  the  other  species  of  Pro- 
duetus were  similarly  provided  with  a  tube,  which  was  membranous 
and  easily  detached  from  the  shell.  It  is  extremely  probable  that 
the  numerous  species  of  this  genus  were  in  general  fixed  by 
muscular  fibres  which  issued  from  the  interior  of  the  shell  at  the 
lower  margin  **. 

1862.  Dr.  J.  C.  Chenu  describes  Produetus  as  a  free  shell  tf. 

iflAQ    t«  fk«  -^««^  ~a:*i™  ~e  r>r.  S.  P.  Woodward's  valuable 

>,  similar  views  are  expressed 
i  in  the  first  edition  of  the 

;oing  quotations  regarding  the 

lonym  of  8.  Goldfussi,  Miinstor. 
12.f.3& 

>.  119. 
.234. 
40,  note  1. 

onchyl.  ii.  p.  220. 
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habits  of  the  Product^  and  use  of  their  spines,  briefly  summed  up 
under  those  two  headings,  is  as  follows : — 

A.  Habits. 

That  the  Producti  were  regarded  as : — 

1.  Free  shells,  by  Fleming,  Desha yes,  De  Verneuil  (partly),  and 
Chenu. 

2.  Living  with  the  ventral  or  convex  valve  downwards,  by 
Sedgwick  and  Murchison,  Keyserling  and  D'Orbigny. 

3.  Attached  by  tendons  passing  through  tubes  arranged  along  the 
hinge-line,  under  the  general  name  of  LepUxna,  by  Von  Buch  (an 
opinion  afterwards  abandonod). 

4.  Attached  by  means  of  a  peduncle  passing  through  a  central 
triangular  foramen,  by  Bouchard-Chantereaux. 

5.  Attached  by  fibres  passing  between  the  free  edges  of  the  shell, 
by  De  Koninck,  Geinitz,  and  Eichwald. 

6.  Probably  attached  when  young,  but  a  few  permanently 
attached,  by  S.  P.  Woodward. 

7.  Attached  by  spines  (in  the  case  of  the  allied  genus  Strophdlosia), 
by  King  and  De  Koninck  {fide  Davidson). 

B.  Spines. 

That  the  spines  were  considered — 

1.  To  be  for  the  passage  of  tendons  of  attachment,  by  Yon  Buch. 

2.  To  be  for  the  introduction  of  water  into  the  interior  of  the 
shell,  by  De  Verneuil. 

3.  To  be  for  simply  retaining  the  shell  in  position  in  fine  sedi- 
ments, by  D'Orbigny. 

4.  To  be  without  essential  function,  by  Bronn. 

5.  To  be  of  unknown  function,  by  Eichwald. 

6.  Not  to  serve  as  a  means  of  attachment  to  the  shell,  by  De 
Koninck  and  De  VerneuiL 

7.  Not  to  act  as  a  conduit  to  the  interior  of  the  shell,  by  De 
Koninck  and  Bronn. 

3.  Description  of  the  Specimens. — With  the  foregoing  brief  outline 
of  the  views  of  some  of  the  more  eminent  authorities,  I  pass  on  to  a 
description  of  the  specimens. 

We  possess  specimens  of  this  adherent  Productus  in  four  condi- 
tions : — 1st,  attached  by  the  spines  of  the  ventral  valve  to  foreign 
bodies  (figs.  1-5,  &  11) ;  2nd,  a  few  detached  conjoined  ventral  and 
dorsal  valves ;  3rd,  detached  dorsal  valves  (figs.  18-22) ;  and,  4th, 
fragments  of  detached  ventral  valves  with  the  remains  of  spines 
(figs.  16,  17).  The  first  and  fourth  conditions  are  by  far  the  most 
common,  and  with  regard  to  one  another  in  about  equal  proportions. 
In  size  the  individuals  vary  from  less  than  a  line  in  diameter  (fig.  13) 
up  to  a  little  more  than  two  lines  (fig.  24),  and  are  attached  to 
small  Encrinite  stems  and  fragments  of  Polyzoa,  but  generally  to 
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the  former.    The  spines  of  the  ventral  valve  are  wound  round  the 
bodies  of  attachment  in  the  most  complete  manner  (fig.  1  &c%  one 
individual  holding  on  by  as  few  as  two  spines  and  a  portion  of  a 
third  (fig.  11),  another  by  six  spines,  and  again  another  by  seven, 
and  so  on,  sometimes  singly  (figs.  1,  2,  3,  5,  &c),  at  other  times  in 
clusters  (fig.  4).     When  the  organism  to  which  the  Productus  is 
attached  is  of  larger  sixe  than  the  latter,  the  whole  of  the  ventral 
valve  is  applied  to  it,  the  spines  spreading  out  and  round  on  each 
side  (figs.  2,  4,  6);  but  when  the  foreign  body  is  of  less  diameter 
than  the  Productus,  as  is  usually  the  case  with  fragments  of  Polyzoa, 
several  of  the  spines  are  wound  tightly  round,  especially  near  the 
beak,  and  the  remainder  of  the  valve  remains  free  (figs.  1,  3, 11). 
Attachment  took  place  during  the  life  of  the  Crinoid ;  for,  in  nearly 
every  case  where  the  Productus  remains  adhering,  we  find  that  its 
rate  of  growth  was  less  than  that  of  the  Crinoid,  the  result  being 
that  the  substance  of  the  latter  surrounded  or  enclosed  its  parasite, 
first  the  encircling  spines  disappearing  and  gradually  the  shell 
(figs.  6-10).    We  have  specimens  showing  this  remarkably  well  in 
all  stages  of  the  process,  from  the  mere  absorption  of  the  spines  by 
the  substance  of  the  Crinoid,  up  to  the  total  disappearance  of  the 
Productus  itself,  when  the  Crinoid  stem  assumes  a  swollen  or  dis- 
torted appearance  (fig.  10).    From  a  consideration  of  this  gradual 
absorption  by  the  Crinoid  stem  there  arise  two  questions : — Did  the 
Productxts  when  once  attached  lose  the  power  to  free  itself?  or,  Did 
the  absorption  by  the  Crinoid,  contrary  to  the  view  indicated  pre- 
viously, commence  only  after  the  death  of  the  Productus  ?   To  show 
how  closely  these  little  shells  congregated  1  have  given  a  figure  of 
an  Encrinito  stem  on  whioh  may  be  seen  the  grooves  caused  by  the 
removal  of  a  number  of  the  encircling  spines  (fig.  12). 

In  the  young  state  the  characters  of  this  hugging  Productus  are 
obscure ;  but  in  the  mature  (or  what  1  take  to  be  the  mature)  form 
they  become  well  marked  and  constant.  In  marginal  outline  the 
shell  somewhat  resembles  the  P.  acultatus  group,  with  the  hinge-line 
scarcely  as  long  as  the  shell.  The  auricular  expansions  are  well 
marked  but  flattened  (figs.  13,  14,  19),  and  the  cardinal  angles 
sharp  (figs.  13,  14).  The  ventral  valve  is  slightly  convex  when  the 
individuals  are  partially  free,  and  without  sinus  (figs.  13-15).  The 
dorsal  is  flat  or  a  little  concave  (figs.  18, 19,  22,  24),  and  granular 
on  the  interior  surface.  The  cardinal  process  is  bifid  and  broadly 
V-shaped  (figs.  18,  21,  24),  with  strong  lateral  ridges  proceeding 
from  it  to  the  cardinal  angles  (a,  figs.  21,  23).  The  mesial  ridge  in 
the  interior  of  the  dorsal  valve,  immediately  under  the  cardinal  pro- 
cess, is  divided  into  two  portions  (6,  figs.  21,  23),  which  unite  at 
about  one  third  from  the  hinge-line,  enclosing  between  them  a 
rather  deep  pit  or  space  (c,  figs.  21,  23),  which  partially  represents 
the  convex  visceral  region  of  the  shell  externally.  The  mesial  ridge 
becomes  stronger  and  more  pronounced  towards  the  front,  and 
divides  the  shall  symmetrically.  Both  valves  are  covered  with  a 
variable  number  of  sharp,  undulating,  concentric  wrinkles  or  corru- 
gations, coarse  for  the  size  of  the  shell,  and  occasionally  irregular 
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(figs.  18-20,  22,  24),  sometimes  almost  becoming  geniculate.  In 
the  dorsal  valve  they  are  perhaps  finer  and  more  numerous  than  in 
the  ventral  valve ;  and  in  the  visceral  region  of  the  shell  the  circular 
concentric  character  gives  place  to  an  almost  square  concentric  form 
of  wrinkle  or  corrugation  (figs.  18,  24).  As  the  shells  increased  in 
age  the  corrugations  became  broken  up  in  a  roughly  reticulate  manner 
(figs.  22,  24).  In  the  young  state  the  ventral  valve  only  is  partially 
covered  with  spines  (figs.  13,  14),  the  dorsal  being  devoid  of  them 
(fig.  19) ;  but  as  growth  went  on  they  also  appeared  on  the  latter, 
but  apparently  without  attaining  to  the  same  size.  The  spines  are 
irregularly  scattered  over  the  surface  of  the  valves ;  those  of  the  ven- 
tral valve  long,  thin,  tapering  (figs.  16, 17),  and  encircling  (fig.  11), 
and  when  broken  leaving  the  shell  covered  with  a  series  of  small  warts 
(figs.  18-17).  A  row  of  prominent  strong  spines  occurs  along  and 
immediately  below  the  hinge-line  of  the  ventral  valve  (a,  figs.  16, 
17),  but  in  the  two  figured  examples  broken  off.  In  a  few  instances 
one  or  more  of  the  spines  may  be  seen  pressed  down  against  the  sur- 
face of  the  ventral  valve,  as  if  it  had  so  grown  between  the  shell 
and  the  object  to  which  it  was  attached,  without  encircling  the 
latter.  The  umbo  of  the  ventral  valve  is  small,  sharp,  plain,  and 
slightly  incurved  over  the  hinge-line.  The  visceral  region  of  the 
same  valve  is  often  grooved  vertically  or  indented,  the  impression  of 
the  body  to  which  the  individual  was  attached,  such  grooving  eleva- 
ting the  beak  (figs.  13,  14)  and  obliterating  the  corrugations  on 
other  portions  of  the  valve  more  than  would  otherwise  be  the  case. 
The  adductor  muscular  scars  are  only  preserved  distinctly  in  one 
specimen.  They  appear  to  be  elongated  vertically,  and  are  appa- 
rently lobed  transversely. 

4.  Considerations  as  to  Specific  Identity.  The  question  which 
most  prominently  presents  itself  is : — Is  this  adherent  Produetus  the 
young  of  some  well-known  species,  or  is  it  to  be  regarded  as  a  minute 
and  undescribed  form  ?  Let  us  examine  the  evidence  that  we  possess 
to  settle  this  question.  Of  the  unattached  examples  fully  two  thirds 
are  dorsal  valves.  The  predominance  of  these  over  the  ventral  valves 
would  appear  to  indicate  that  it  was  at  least  an  attached  species  up 
to  that  point  of  its  existence  represented  by  the  largest  of  our  sjieci- 
men8,  which  are  dorsal  valves,  and  which  may,  I  think,  be  taken  as 
representing  maturity,  unless  very  strong  evidence  to  the  contrary 
can  be  produced.  It  is  only  reasonable  to  suppose  that  had  the 
Produetus  at  a  certain  point  of  its  life  disunited  itself  from  the 
Crinoid  stems,  upon  which  it  had  hitherto  lived,  we  should  be  in 
possession  of  relatively  as  many  large,  and  what  I  take  to  be  mature, 
ventral  as  dorsal  valves.  But  we  are  not ;  for  out  of  a  large  number 
of  specimens  now  in  the  possession  of  the  Geological  Survey  of  Scot- 
land and  Museum  of  Practical  Geology  nearly  all  the  largest  examples 
are  dorsal  valves. 

When  Mr.  Bennie  was  fortunate  enough  to  light  upon  these 
interesting  fossils,  I  at  once  submitted  characteristic  examples  to 
Mr.  T.  Davidson,  F.R.S.,  who,  in  his  usually  kind  manner,  gave 
me  the  benefit  of  his  valued  opinion.     He  pointed  out  that  the 
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present  fossils  might  either  he  the  young  of  P.  longispinus,  Sow.,  or 
P.  Wrightii,  Day.,  and  recommended  careful  observation  as  to  the 
other  species  of  Produetus  found  in  company  with  the  present  form. 
Mr.  Beanie,  when  collecting  the  disintegrated  shale  from  which  the 
specimens  were  obtained,  observed  that  the  only  other  Product** 
present  in  any  thing  like  appreciable  quantity  was  P.  longispinus, 
Sow.,  with  this  peculiarity,  however,  that  at  one  of  the  localities 
(East  Barns)  P.  longispinus  was  very  plentiful  and  the  adherent 
form  correspondingly  rare,  whilst  at  another  locality  (Skateraw)  the 
proportions  were  just  reversed.  The  characters  in  which  the  adhe- 
rent form  differs  from  P.  longispinus,  Sow.,  are  the  following  : — The 
ornamentation  of  the  shell  is  concentric  and  not  longitudinal ;  there 
is  no  trace  of  a  sinus  in  the  ventral  valve,  but  a  strong  mesial  ridge 
in  the  interior  of  the  dorsal  valve  extending  to  the  front,  which  does 
not  appear  to  be  so  well  marked  in  P.  longispinus ;  the  upper  por- 
tion of  this  mesial  ridge  splits  into  two,  leaving  a  space  between, 
which  is  not  the  case  in  P.  longispinus.  The  adductor  impressions 
of  the  latter  are  situated  much  higher  up  under  the  cardinal  process 
than  in  the  present  instance  (fig.  23).  Lastly,  there  is  a  good  deal 
of  difference  in  the  distribution  of  the  spines,  and  in  the  relative 
convexity  of  the  valves. 

The  division  which  takes  place  in  the  mesial  ridge  of  the  dorsal 
valve  (6,  fig.  21)  appears  to  resemble  that  figured  by  Mr.  Davidson 
in  Produetus  seabriculus,  Martin*;  but  I  think  it  is  unnecessary  in 
this  case  to  carry  the  comparison  further. 

The  concentric  wrinkles  or  corrugations  are  sharper  and  more 
widely  separated  than  those  of  Produetus  undatus,  Defranoe ;  and 
there  is  no  trace  in  the  adherent  form  of  the  fine  longitudinal  stri® 
of  that  species. 

The  affinities  with  P.  Wrightii,  Dav.,  are  much  closer  than  in  any 
of  the  foregoing  oases.  In  both  shells  the  ornamentation  is  con- 
centric, although  apparently  more  regular  in  P.  Wrightii.  The 
size  of  the  two  forms  is  much  more  approximate,  especially  one  of 
Mr.  Davidson's  figures  t ;  and  the  spines  in  the  enlarged  figure  of 
the  same  author  have  much  the  appearance  of  those  of  the  adherent 
form,  although  fewer  in  number.  At  the  same  time  there  do  not 
appear  to  be  any  along  the  hinge-line  of  P.  Wrightii ;  and,  so  far  as 
my  own  observation  has  gone,  there  is  no  trace  of  the  marginal  frill 
of  the  latter  in  the  present  instance. 

I  do  not  feel  justified  in  immediately  publishing  this  form  as  a 
distinct  and  undescribed  species,  but  would  rather  await  the  opinion 
of  those  more  intimately  acquainted  with  the  structure  and  variations 
of  the  genus  Produetus  than  I  can  pretend  to  be.  At  the  same  time, 
should  further  researches  prove  these  little  shells  to  be  worthy  of 
separate  specific  recognition,  I  do  not  think  any  name  could  be  more 
appropriate  than  one  which  would  express  the  peculiar  habit  for 
which  they  are  remarkable — such  for  instance  as  Produetus  compUc- 
Unty  the  embracing  or  encircling  Produetus. 

»  Mon.  Perm,  k  Oarb.  Brack  pi.  42.  f.  8«.  t  Ibid.  pi.  33.  f.  6. 
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In  concluding  this  part  of  my  communication,  it  may  be  well  to 
shortly  recapitulate  the  chief  peculiarities  of  this  remarkable  form 
of  Productus.  First,  its  parasitic  habit,  the  indication  of  which  can 
be  seen  in  some  form  or  other  throughout  nearly  the  whole  suite  of 
specimens,  either  as  a  groove  in  the  ventral  valve  from  the  beak 
forwards,  or  as  a  distortion,  or  by  a  curving  and  twisting  of  the 
spines.  Secondly,  the  characteristic  and  well-defined  nature  of  the 
concentric  ornamentation,  and,  when  preserved,  the  elongated 
clasping  spines.  Thirdly,  the  well-marked  mesial  ridge  in  the  interior 
of  the  dorsal  valve,  and  its  separation  into  two  portions,  as  in  P. 
scabrieulus,  Martin.  Fourthly,  the  absence  of  a  sinus  in  the  ventral 
valve.  Fifthly,  the  well-marked  peculiarities  of  character  continuously 
traceable  from  the  smallest  to  the  largest  specimen,  and  no  apparent 
gradation  onwards  to  some  well-known  species. 

5.  Locality  and  Horizon. — Skateraw  Harbour,  near  Dunbar,  plenti- 
ful; East  Barns  Quarry,  near  Dunbar,  not  common ;  Carlops  Quarry, 
near  Carlops,  Peeblesshire,  very  rare ;  shale  over  the  No.  2  Lime- 
stone (=Hosie  Limestone)  of  the  Lower  Carboniferous  Limestone 
group  of  the  Midlothian  series. 

Collected  by  Mr.  James  Bennie. 

When  collecting  fossils  from  the  Calderwood  series  in  the  East 
Kilbride  district,  Lanarkshire,  a  year  or  so  since,  Mr.  Bennie  noticed 
bodies  with  radiating  processes  adhering  to  Encrinite  stems,  which 
he  thinks  may  be  this  Productus. 


II.  On  a  Small  Spibiferixa. 

I  take*  this  opportunity  of  figuring  and  briefly  describing  a  small 
shell  which  may  be  new,  in  the  hope  that  the  attention  of  collectors 
may  be  called  to  it.  As  we  at  present  only  possess  one  speci- 
men, I  shall  content  myself  with  merely  placing  it  on  record,  and 
await  the  discovery  of  other  specimens,  when  we  may  be  better  able 
to  judge  of  its  specific  value. 

SpmiFSBur a,  sp. 

Specific  Characters. — Small,  transversely  oval,  wider  than  long; 
ventral  valve  the  more  convex  of  the  two.  Hinge-line  less  than  the 
width  of  the  shell ;  cardinal  angles  rounded ;  beak  incurved  and 
moderately  produced  above  the  area,  which  is  concave  and  trian- 
gular ;  fissure  wide.  Ventral  valve  with  a  simple  shallow  sinus,  and 
three  rounded  ribs  on  each  side,  the  outer  ones  indistinctly  marked. 
In  the  dorsal  valve  the  mesial  fold  is  composed  of  a  single  rib,  larger 
than  either  of  the  others,  two  on  eaoh  side.  No  laminse  of  growth. 
Shell-structure  perforated  by  minute  tubuli  giving  to  the  surface  a 
dotted  appearance. 

06*. — This  little  shell  differs  from  Spiriferina  cristata,  Schl.,  var. 
octoplicata9  Sow.,  by  the  hinge-line  being  less  than  the  width,  by  its 
very  rounded  cardinal  angles,  perfect  simplicity  of  the  mesial  fold 

a  J.  G.  S.  No.  128.  2  k 
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and  sinus,  much  lees  number  of  ribs,  total  absence  of  any  lamine  of 
growth,  spinous  asperities,  or  granules  on  the  surface. 

From  Spirifcrina  insctdpta,  Phill.,  it  is  distinguished  by  the  same 
character  of  the  hinge-line  as  in  the  former  instance,  greater  con- 
yezity  of  the  ventral  as  compared  with  the  dorsal  valve,  absence  of 
concentric  laminae  of  growth,  and  smaller  area.  On  the  other  hand, 
it  agrees  with  &  inscvlpta  in  the  number  of  the  ribs  when  that 
species  is  found  in  its  simplest  form ;  but  these  again  are  decidedly 
obtuse  and  not  angular.  These  points  of  difference  can  only  be 
regarded  as  provisional,  as  the  discovery  of  further  specimens  may 
bring  to  light  varieties  intermediate  between  the  shell  as  here 
figured  and  the  typical  S.  insadpta,  to  which,  of  the  two  species 
mentioned,  it  appears  to  be  most  nearly  allied.  In  outline,  simple 
mesial  fold,  and  sinus  it  is  not  unlike  some  forms  of  Spirifera 
triradialis,  Phill. ;  but  the  beak  in  the  ventral  valve  is  much  leas 
elevated,  and  the  shell-substance  punctate. 

Locality  and  Position. — Fullarton  Quarry,  near  Temple,  Edin- 
burghshire ;  in  shale  between  bands  of  the  No.  2  Limestone  (=»Hoaie 
Limestone)  of  the  Lower  Carboniferous  Limestone  group  of  the 
Midlothian  series. 

In  conclusion  I  have  to  acknowledge  the  obligations  I  am  under 
to  my  colleagues  Messrs.  G.  Sharman  and  R.  L.  Jack,  the  former 
for  supplying  me  with  a  series  of  beautifully  executed  drawings, 
and  the  latter  for  assistance  in  translating  oertain  foreign  memoirs, 


DESCRIPTION  OF  PLATES  XXIV.  &  XXV. 

Pboduotus,  sp.    (Figs.  1-24.) 

Fig.  1.  Portion  of  Enorinite  stem  with  adherent  Product**,  showing  the 
spines  tightly  clasping  it    Back  view,  ventral  valves. 

2.  A  suntyar  specimen,  side  view ;  three  spines  shown. 

3.  A  larger  and  more  mature  specimen,  front  yiew. 

4.  Three  individuals  clustered  together ;  front  yiew,  ventral  valves. 
5  A  larger  specimen,  adhering  by  seven  spines,  front  view. 

6.  Interior  of  the  ventral  valve,  showing  the  margins  gradually  enclosed 

by  the  substance  of  the  Enorinite  stem. 

7.  The  same  process  carried  a  little  further. 

8.  The  same  process  carried  still  further. 

9.  Almost  total  disappearance  of  the  Product**  within  the  substance 

of  the  fincrinite  stem. 

10.  Total  absorption  of  the  Productus,  and  distortion  of  the  Enorinite 

stem. 

11.  Exterior  of  a  ventral  valve  adhering  by  two  and  a  half  spines  to 
the  end  of  a  segment  of  an  Enorinite  stem.  Broken  spines  are 
shown  round  the  marrine  of  the  valves. 

12.  Enorinite  stems  with  the  remains  of  three  young  individuals  and 
the  markings  of  numerous  encircling  spines. 

Id  Exterior  of  the  ventral  valve,  with  the  elevated  umbo  and  grooTs 
caused  by  the  object  to  which  it  was  attached.  Two  broken  spinet 
are  seen. 

14.  A  similar  specimen.  Both  these  figures  show  the  concentric 
wrinkles  in  a  marked  manner. 
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Fig.  16.  A  more  transTenelj  elongated  Tentral  valve,  with  spines,  exterior 

view. 
16, 17.  Portions  of  the  exterior  of  two  ventral  valves,  showing  the 

hinge-spines,  b. 
18,  19.  Exterior  of  two  dorsal  valves,  showing  the  cardinal  process  and 

oonoentric  wrinkles. 

20.  Hinge-line,  and  portions  of  both  dorsal  and  ventral  valves  united, 

with  one  of  the  large  hinge-spines  in  position. 

21.  Interior  of  the  dorsal  valve :  aa,  ridges  from  the  cardinal  process  to 
the  cardinal  angles ;  b,  b,  divisions  of  the  mesial  ridge ;  et  enclosed 
space. 

22.  Exterior  of  the  dorsal  valve,  with  the  cardinal  process,  oonoentric 
wrinkles,  and  traces  of  the  reticulate  character  assumed  by  the 
latter. 

23.  Interior  of  a  portion  of  the  dorsal  Talve :  a  kc  similar  to  fig.  21 ; 

d,  d,  adductor  impressions. 
21  Similar  to  fig.  22. 

SpiunutiHA,  sp. 

Fig.  26.  Dorsal  valve,  showing  the  mesial  fold. 

26.  Ventral  valve,  showing  the  sinus. 

27.  Hinge  and  fissure  Ac. 

Stbophalosia  (Obthotrix)  Goldfussi,  Monster. 

Fig.  28.  After  Geinits,  showing  the  form  dinging  by  its  umbonal  spines  to 
one  of  the  large  spines  of  a  Productus  horridus.  (Die  Verstein.  d. 
deuts.  Zechst.  pi.  2.  f.  27.) 
28  a.  The  same,  enlarged. 

(NJJ.  The  natural  sise  of  the  fossils  is  shown,  as  nearly  as  possible,  by  the  in  - 
dicators  placed  near  the  figures.) 
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61.  The  Snonow  at  the  High  Foacz,  Tebdau.  By  C.  T.  Chores, 
Esq.,  B.A.,  F.G.S.,  Scholar  of  St.  John's  College,  Cambridge,  of 
the  GeoL  Survey  of  England  and  Wales.    (Bead  June  21, 1876.) 

(Communicated  by  permission  of  the  Director-General  of  the  Geological  Bmny 
of  Great  Britain.) 

It  has  been  my  duty,  in  the  course  of  Survey  work,  to  examine  the 
ground  near  the  High  Force.  In  doing  this,  several  facta  have  come 
to  light  which  will,  perhaps,  be  not  uninteresting,  as  they  refer  to 
a  somewhat  classical  district,  and  correct  ideas  which  have  been 
hitherto  erroneously  held  on  the  authority  of  Phillips's  section  at  the 
High  Force.  These  ideas  have  lately  acquired  a  special  importance 
from  their  bearing  on  the  subject  of  "selective  metamorphism ;"  and  in 
correcting  them  I  may  be  helping,  in  some  small  degree,  to  clear  the 
way  for  the  formation  of  a  theory  to  satisfactorily  account  for  those 
instances  of  selective  metamorphism  which  stand  undoubted. 

In  Phillips's < Geology  of  Yorkshire '  (1836),  part  ii  pp.  78, 79,  the 
following  passage  occurs  in  connexion  with  the  section  at  the  High 
Force : — "  Shale  or  plate  is  so  much  altered  at  the  High  Force  in  the 
relation  of  the  joints  that  most  persons  mistake  a  part  of  the  pris- 
matic masses,  really  composed  of  metamorphic  shale,  for  trap,  and 
suppose  the  latter  to  rest  on  limestone.  The  true  series  is  as  follows, 
proceeding  downwards: — 

"  a.  Basalt,  rudely  prismatic,  grey  with  lichen. 

b.  Thin  plate,  not  very  much  indurated. 

c.  Bed  of  plate,  eubpnamatic. 
«•  Bede  of  plate,  laminated. 

/•'  ^^  Iimestone  hed,  with  a  superficial  layer  of  pyrites. 

/.  Bed  of  hard  pyritous  limestone. 

y.  Several  beds  of  common  dark  limestone,  with  white  shells  and  corals." 

(Among  the  Dalesmen  the  word  "plate"  is  equivalent  to  "shale*," 
and  the  basalt  referred  to  is  part  of  the  great  "  whin  sill "  of  Tees- 
dale,  Ac.) 

v«^n  ^ad!ng  over  this  8ection  •*  naturally  strikes  one  at  once  as  a 

M?w   1       lthat  there  8hould  *»  tt  subprismatic  bed  of  plate,  c, 

word.    IT*  }?n    plate   not    vei7   much  indurated,  6  — in  other 

should  hi  i        ?  plate  which   Hee   neare8t  to  the  altering   cause 

indeed   if  £*  u  ^d  than  the  plate  ^ch  is  further  from  it.    Here, 

abovT'we  a«ul6  and  c  had  reaUy  been  of  tte  character  described 

morphism      rtt  T?  a  mo8t  8tr*ii»8:  instance  of  selective  meta- 

doscription  i«  I  *f    *  8naU  U  able  <*>  show»  however,  that  the  above 

hut  basalt    tW     correct  —  that  the   bed  e  is  not   altered  plate, 

the  beds  a  and  ?*  6xamination  of  the  general  rock-struoture  of 

between  thorn  aro  .n^*  ^ndu8ivelv  **■*  the  only  differences 

Afferent  thirlrn     *8  8hould  naturally  be  looked  for  in  beds  of 

c«nesses,  and  that  this  conclusion  is  fully  borne 
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out  by  what  can  be  seen  of  the  physical  disposition  of  these  beds  in 
the  grounds  immediately  adjoining  the  High  Force. 

What  a  very  great  difference  there  is  between  b  and  c  and  between 
c  and  d  is  evident  at  once  from  a  first  look  at  the  Force — b  and  d 
being  conspicuously  crossed  by  lines  of  lamination  rudely  parallel 
to  their  upper  surfaces,  while  c  is  completely  without  any  such  lines, 
and  is  rudely  prismatic,  like  the  basalt  at  the  top  of  the  Force.  But 
these  differences  are  seen  to  be,  if  possible,  still  greater  when  we 
come  to  examine  the  Force,  and  the  minuter  structure  of  the  beds : 
b  and  d  have  no  trace  of  crystalline  structure  whatever,  while  a  and 
e  both  have,  and  the  structure  of  c  appears  to  agree  exactly  with 
that  of  the  lower  part  of  a.  Both  c  and  the  lower  part  of  a  are  much 
more  finely  crystalline  than  the  more  centrally  situated  parts  of  a ; 
but  this  is  only  what  one  would  expect  on  considering  the  different 
conditions  under  which  their  cooling  would  probably  take  place.  The 
outside  of  the  mass  would  naturally  cool  much  more  quickly  than 
the  inside ;  and  the  underflow,  c,  is  only  about  6  feet  thick,  and 
therefore  the  whole  of  this  would  probably  cool  down  comparatively 
quickly. 

I  think,  then,  that  there  can  be  no  doubt  that  the  bed  e  is  really 
basalt  (microscopic  examination  would  prove  this),  here  a  sort  of 
underflow  to  the  main  mass.  For  Phillips's  section  I  would  substi- 
the  following: 


Fig.  1. — Section  at  the  High  Force. 


«.  Basalt,  24  feet  d.  Shale,  altered,  12  feet. 

6.  Shale,  altered,  \\  foot  (average).  e,  /,  g.  Limestone,  32  feet. 

e.  Basalt,  6  feet  (average). 

The  thicknesses  given  are  only  approximate. 
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It  must  be  understood  that  the  above  section  refers  to  the  Foree 
itself,  the  actual  place  where  the  water  comes  over.  The  sections 
on  either  bank  of  the  Tees  a  few  dozen  yards  below  the  Force  differ 
from  that  at  the  Force  itself,  and  at  the  same  time  differ  inter  u. 

On  the  north  bank,  at  about  20  yards  below  the  Force,  it  can  be 
distinctly  seen  that  there  is  no  separate  bed  c,  and  that  the  space 
between  the  top  of  a  and  the  bottom  of  e  is  one  uniform  mass  of  basalt. 
We  have,  then,  the  following  as  the  section: — 

Basalt,  32  feet  ( +  any  that  may  be  aboje  the  level  of  the  top  of  the 

basalt  at  the  Force). 
Shale,  12  feet. 
Limestone,  82  feet 

We  will  call  this  section  the  section  at  X. 
On  the  south  bank  the  section,  at  a  point  about  80  yards  below 
tho  Force,  is: — 

Basalt,  24  feet  (+  any  that  may  be  abore  the  lerel  of  the  top  of  the 

basalt  at  the  Force). 
Shale,  20  feet 
Limestone,  32  feet 

We  will  call  this  section  the  section  at  Y. 

Owing  to  the  banks  being,  in  places,  inoonveniently  steep,  and 
bearing  a  thick  covering  of  hanging  trees  &&,  the  entire  passage 
between  the  above  three  sections  cannot  be  quite  so  well  seen  as  one 
would  wish;  enough,  however,  is  shown  to  enable  one  to  come  to  a 
safe  conclusion  as  to  the  true  state  of  the  case.  On  looking  at  the 
section  at  the  Force  more  carefully,  it  is  distinctly  Seen  that  the  bed 
of  shale,  6,  is  thicker  on  the  south  side  than  on  the  north  side  of  the 
Force — that  from  1=J  toot  it  dwindles  down  to  one  foot,  and  from  one 
foot  it  dwindles  more  and  more  as  we  go  towards  the  section  at  X, 
until  it  is  only  doubtfully  represented  by  a  thin  line  marked  by  ferns 
and  grass,  and  that  this  thin  line  then  ceases,  and  we  get  the  state 
of  things  at  X — that,  on  the  other  hand,  as  we  go  from  the  Force 
towards  the  section  at  Y,  the  bed  of  shale,  6,  gets  thicker  and  thicker 
(from  ljj  foot  it  gets  to  2  feet,  and  so  on),  until,  at  a  point  about 
20  yards  below  the  Force,  it  is  3  feet  thick,  and  in  10  or  12  yards 
more  it  has  thickened  out  and  formed  one  mass  with  the  bed  of 
shale,  d ;  and  now  there  is  no  underflow  of  basalt. 

It  appears,  then,  quite  safe  to  conclude  that  the  underflow  of 
basalt,  which  has  its  origin  from  the  main  mass  at  X,  gradually  thins 
out  as  we  go  south-west  and  south  from  this  point,  until  at  Y  it  has 
ceased  altogether. 

If  we  examine  the  bank  a  few  yards  beyond  X,  we  find  the  sec- 
tion change  again,  and  again  we  have  an  underflow  of  basalt  separ- 
ated from  the  main  mass  by  a  thin  bed  of  altered  shale,  thus: — 

Basalt 

Sandy  shale,  about  2  feet. 

Basalt 

*  top  of  the  underflow  of  basalt  here  is  roughly  on  the 

Digitized  by  VjOOQ IC 


TBI  HIGH  FOBCB,  TXXSD1L*.  469 

level  as  that  of  the  underflow  at  the  Force,  and  the  shale  parting, 
-which  at  first  makes  its  appearance  somewhat  abruptly,  can  he  seen 
for  a  dozen  yards  or  so  gradually  thickening  as  we  follow  the  hank 
of  the  river  in  a  north-easterly  direction.  The  section  then  be- 
comes lost,  owing  to  the  covering  of  tumbled  whin,  &c,  and  we  have 
to  go  on  for  some  70  yards  before  the  beds  are  well  shown  again. 
Here  the  section  is  much  the  same  as  that  at  Y,  viz.: — 

Basalt. 

Shale,  about  20  feet 
Limestone. 

We  have,  then,  good  evidence  that  the  section  at  X  ohanges  to- 
wards the  north-east  in  the  same  way  as  it  does  towards  the  south- 
west and  south. 

And  so,  finally,  we  see  that  near  X  a  small  part  of  the  lower  por- 
tion of  basalt  becomes  separated  off  from  the  main  mass,  and  that 
this  lower  portion  rapidly  thins  out  towards  both  the  south-west  and 
south,  and  the  north-east. 

There  are  other  places,  both  in  the  immediate  neighbourhood  of 
the  High  Force  and  elsewhere,  where  similar  undoubted  underflows 
exist.  Sometimes  these  underflows  can  be  seen  distinctly  in  the  act 
of  being  gradually  separated  off  from  the  main  basalt  mass,  altered 
beds  coming  in  between ;  and  sometimes  these  altered  beds  consist 
of  altered  sandstone,  or  of  altered  limestone,  instead  of  altered  shale. 
And,  as  there  are  underflows,  so  also  there  are  overflows ;  parts  of 
the  top  of  the  basalt  gradually  get  separated  off  from  the  main  mass, 
and  then  thin  out. 

In  some  cases  we  can  see  beds  of  altered  shale  and  sandstone 
apparently  surrounded  by  basalt  on  every  side :  there  is  basalt  above ; 
and  there  is  basalt  below ;  and  the  altered  beds  can  be  seen  to  end 
in  basalt  as  you  follow  the  section  along  on  either  hand.  There  is 
a  very  good-instance  of  this  in  the  Slate  Scar,  a  little  more  than  half  a 
mile  above  the  High  Foroe.  The  greatest  dimensions  of  these  beds 
are  seen  to  be  generally  in  the  direction  of  their  planes  of  original 
deposition ;  their  thicknesses  are,  in  fact,  generally  strikingly  less 
than  their  length.  For  instance,  with  an  average  thickness  of  2 
feet,  we  may  get  a  length  of  60  yards.  This  is,  I  think,  strongly 
suggestive  of  some  stable  connexion  between  these  and  the  other  beds 
among  which  the  basalt  has  been  intruded ;  they  appear  to  have 
kept  something  of  their  original  position  very  much  better  than  one 
would  suppose  at  all  likely  if  they  had  been  completely  isolated  in  the 
great  basalt  mass.  I  would  suppose,  then,  that,  certainly  in  most 
cases,  these  beds  are  not  surrounded  by  basalt  on  every  side — have 
not,  in  fact,  been  simply  "  caught  up  "  in  it — but  that,  if  they  could 
be  traced  in  directions  both  away  from  the  observer  and  towards 
him,  they  would,  in  one  of  these  directions,  be  found  to  join  on  with 
the  great  mass  of  the  sedimentary  rocks  of  the  country.  It  is  evi- 
dent that,  in  any  ordinary  section,  we  have  only  four  sides  visible 
out  of  the  six  wherewith  any  geographical  point  may  be  supposed 
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to  be  bounded ;  and  in  either  of  the  two  unseen  the  state  of  things 
may  be  very  different  from  that  seen  in  the  others. 

These  subordinate  beds  of  basalt  have  been  spoken  of  as  under- 
flows and  overflows ;  in  every  case  observed,  however,  they  thin 
out  so  very  rapidly  that  it  might  be  better  to  call  them  simply 
wedges.  They  appear  to  belong  in  every  way  to  the  main  mass  of 
basalt ;  and  probably  one  of  the  ordinary  methods  of  the  thinning 
out  &c.  of  the  basalt  is  the  giving  off  of  these  separation  masses,  and 
their  then  dying  out.  Thus  the  thinning  out  &c  of  the  basalt  as  a 
whole  might  probably  be  best  represented,  diagrammatically,  some- 
what as  below : — 


Fig  2. — Thinning-ont  of  the  Basalt  at  the  High  Force. 


a.  Sedimentary  rocks,  b.  Basalt.  c.  Sedimentary  rocks. 

I  do  not  wish  to  imply  by  the  above  diagram  that  there  is  one 
point  from  which  the  basalt  can  be  made  out  to  be  thinning  away 
in  every  direction,  but  simply  that,  where  the  basalt  is  thinning 
out,  the  thinning-out  probably  takes  place  in  some  such  way  as  re- 
presented. 

Prof.  Sedgwick,  in  his  paper  on  the  Geology  of  High  Teesdale 
(Cambr.  Phil.  Trans.  1824),  brought  forward  evidence  which  was 
quite  conclusive  as  to  the  truly  intrusive  character  of  the  whin  silL 
Prof.  Phillips,  at  the  time  he  wrote  his  '  Geology  of  Yorkshire,'  does 
not  seem  to  have  loyally  accepted  this  conclusion,  but  to  have  been 
more  impressed  with  its  supposed  "  general  conformity  over  a  vast 
area  to  the  beds  above  and  below."  It  is  this  partial  conformity 
which  still  causes  it  to  be  an  article  in  the  miner's  creed  that  the 
great  whin  mass  is  a  "  sill/'  a  bed  regularly  interbedded  with  the 
other  beds  or  "  sills."  On  close  examination  of  the  ground,  however, 
it  is  seen  that  this  conformity  is  not  nearly  so  general  as  is  supposed, 
and  that  even  in  cases  where  the  whin,  as  a  whole,  does  keep  on  the 
same  geological  horizon,  there  are  numerous  instances  of  small 
subordinate  beds  separating  off  from  the  main  mass  in  the  manner 
already  described,  and  conclusively  proving  its  intrusive  character. 
The  High  Force  is  one  of  the  four  localities  specially  mentioned  by 
Phillips  (*  Geology  of  Yorkshire/  part  ii.  p.  77)  as  showing  the  con- 
formity between  the  surfaces  of  the  whin  sill  and  the  surrounding 
beds.  We  have  seen  that,  instead  of  showing  this,  it  affords  striking 
evidence  to  the  contrary.  The  bed  of  the  Tees  near  Winch  Bridge 
"  ""^Her  of  the  localities  mentioned.     This,  too,  shows  good  evi- 
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dence  to  the  contrary ;  and  I  have  very  little  doubt  that  the  more 
the  country  is  worked  over  the  more  and  more  evident  will  the  in- 
trusive character  of  the  whin  sill  become. 


P.S.  Since  the  above  was  written,  Mr.  F.  Rutley  has  kindly  cut, 
and  microscopically  examined,  sections  of  the  rocks  a,  ft,  and  c  of  the 
High-Force  section  (vide  suprd) ;  and  the  results  obtained  entirely 
confirm  my  statements :  a  and  c  are  basalts ;  and  ft  is  evidently  an 
altered  sedimentary  rock.  The  examination  of  the  rocks  in  the  field 
really  left  no  doubt  on  this  head. 
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62.  On  the  MscHAirax  of  Pbodfchok  0/  Volcajio  Dtxss,  and  <m 
{few  0/  Montb  Somma.  By  R.  Mallet,  Esq.,  C.E.,  F  JL&, 
F.G.S.    (Read  June  21, 1876.) 

Ik  the  year  1864  I  was  enabled  to  employ  some  time  in  the 
study  of  some  of  the  chief  volcanio  phenomena  presented  by  the 
cone  of  Etna,  devoting  my  attention  principally  to  the  laws  which 
govern  the  flow  of  lava  currents,  the  formation  of  the  parasitic 
cones  which  abound  upon  certain  portions  of  the  surface  of  the  great 
mountain,  of  which  Monte  Rosso  and  Monte  Peleri  in  the  neigh- 
bourhood of  Nicolosi  are  amongst  the  largest  examples,  and  in 
examining  the  Val  del  Bove  and  the  many  so-called  dykes  which 
intersect  its  surrounding  escarpment  in  so  many  places.  These  last 
objects  were  examined  by  me  with  the  able  memoir  of  Sir  Charles 
Lyell,  published  in  the  Philosophical  Transaction  for  1858,  in  hand, 
the  title  of  which  is  "  on  Lavas  of  Mount  Etna,"  &c. 

In  the  second  part  of  that  memoir  the  author  rests  part  of  the 
evidence  upon  which  he  concludes  that  an  ancient  great  vent  existed 
in  the  Val  del  Bove  at  Trifoglietto,  upon  the  convergence  at  about 
that  point  of  the  prolonged  lines  of  direction  of  thirteen  dykes 
existing  in  the  surrounding  escarpment,  in  accordance  with  the 
views  previously  promulgated  by  Von  Waltershausen  (Phil.  Trans., 
Part  ii.  1858,  page  703).  I  have  no  intention  of  casting  any  doubt 
here  upon  any  part  of  the  above  able  memoir  of  Sir  Charles  Lyell, 
in  all  the  main  conclusions  of  which,  indeed,  I  concur,  my  pre- 
sent object  being  limited  to  remarking  upon  some  of  the  conditions 
which  affect  the  formation  of  volcanic  so-called  dykes  of  injection, 
BUC|l  M  those  existing  in  the  escarpment  of  the  Val  del  Bove,  and 
of  that  of  Monte  Somma,  and  to  pointing  out  the  extent  to  which 
tne  orientation  or  direction  of  such  dykes  can  be  safely  employed  as 
a  means  for  determining,  with  any  tiling  approaching  to  certainty, 
the  existence  or  position  of  a  central  chimney  or  crater,  from  which 
£^Lly  ?\*y  *•  ^PP08*1 1<>  kave  emanated,  by  means  of  the  in- 
tersection of  lines  or  planes  prolonged  in  the  direction  of  such  dykes. 

wfch^wX  Z***17  ,the  entire  """Talent  of  the  Val  del  Bove, 
b^Zuft^*™***-  m5P  ta  nand>  *•  dykes,  which  are  almost 
Ewtt£^!r  ?amined  at  ^y  Points  both  from  above  and 
"will  as  faKS  Pre80nte?  P^omena  in  many  other  respects 
douTaTte  JSSS tC  P^***  **  to  raise  in  my  mind  much 
commonly  i^SSttSE  3f"S  *  *'  ^  <M»°Unted  for  u*°n  *• 
inquiry  JSSSJ'S^JS  Potion,  and  suggested  the 


*»afely  employed  at  auS^-T     •  ?ykeB  0W,W»  by  ^tersec- 
We  disa,Kr^   a^ 

ppeared,  as  in  the  caae  of  that  of  Monte  Somma 
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and  of  those  supposed  to  have  existed  in  the  Val  del  Bove.  In  the 
latter  region  the  orientations  or  lines  of  horizontal  direction  of  the 
numberless  dykes  are  so  various  and  discordant  as  to  resemble 
in  very  many  places  nothing  more  than  the  chance  directions  which 
might  be  assumed  by  a  number  of  short  straws  or  sticks  cast  at 
random  upon  the  ground.  lanes  drawn  through  them  might  be 
made  to  create  great  numbers  of  points  of  intersection ;  and  yet 
great  uncertainty  would  attend  attempts  to  infer  from  any  of  them  the 
former  existence  of  a  orater  there.  These  perplexed  phenomena  in 
the  Val  del  Bove  are  upon  too  large  a  scale  for  easy  disentangle- 
ment, and  are  far  less  suitable  for  the  study  of  the  laws  of  production 
of  injected  dykes  than  are  those  found  so  abundantly  in  the  escarpment 
of  Monte  Somma,  where  the  whole  scale  is  smaller,  the  dykes  gene- 
rally closer  together  round  the  amphitheatre,  the  phenomena  less 
perplexed  than  in  the  Val  del  Bove  by  the  circumstances  which  pro- 
duced that  immense  depression,  and  where  there  exists  the  main 
chimney  or  axis  of  the  cone  of  Vesuvius,  the  position  of  which  is 
not  presumed  to  have  materially  changed  from  that  before  occupied 
by  the  crater  while  Somma  was  in  existence,  and  to  which  therefore 
it  might  be  presumed  that  the  directions  of  all  the  existing  dykes  of 
Somma  should  show  a  general  convergence.  Reserving  therefore 
the  formation  of  any  conclusion  as  to  the  facts  I  had  observed  upon 
Etna,  I  resolved  upon  my  return  to  Naples  to  make  a  careful  study  of 
the  dykes  of  Somma,  and  to  endeavour  to  decipher  therefrom  the  laws 
of  production  of  these  and  other  similar  volcanic  dykes.  For  though 
these  dykes  of  Somma  have  been  again  and  again  described  in  their 
general  aspects,  and  though  almost  all  writers  on  volcanoes  have  as- 
sumed without  question  that  their  directions  do  really  converge  at 
the  axis  of  the  existing  cone  of  Vesuvius,  I  could  not  find  that  any 
careful  determination  by  actual  survey  had  ever  been  made  of  the 
directions  of  these  dykes;  nor  had  sufficiently  exact  observations  been 
made  as  to  many  points  in  the  dykes  themselves  tending  to  elucidate 
the  exact  nature  of  their  origination.  Accordingly,  in  November 
1864  I  made  arrangements  for  determining  with  instrumental  ac- 
curacy the  positions  and  directions,  both  horizontal  and  vertical,  of  a 
considerable  number  of  these  dykes  of  Somma.  Having,  through 
the  kind  assistance  of  Professor  Palmieri,  been  permitted  to  lodge  at 
the  Observatory  above  the  Hermitage  upon  Vesuvius,  I  ran  a  line 
of  trigonometric  triangles  from  the  south-east  corner  of  the  Obser- 
vatory, passed  the  wooden  cross  existing  at  that  time,  and  known 
as  La  Croce  del  Salvatore,  and  into  about  the  centre  of  the  Atrio  del 
Cavallo,  whence  I  was  enabled  to  fix  the  position  of  a  point  chosen 
for  that  of  observations  upon  one  of  the  slight  elevations  at  the 
northern  base  of  the  cone  of  Vesuvius,  which  commanded  an  unin- 
terrupted view  of  a  very  large  portion  of  the  entire  escarpment  of 
Somma,  extending  from  the  Canale  del  Inferno,  or  thereabouts,  on 
the  eastward,  and  passing  round  the  amphitheatre  westward  to  a 
point  nearly  opposite  La  Croce,  and  a  little  to  the  west  of  north  with 
respect  to  the  same.  I  was  obliged  to  choose  the  quoin  of  the  Ob- 
servatory as  an  initial  station-mark,  although  the  building  cannot  be 
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.een  from  the  noor  of  the  AW^-jtb.  Whrta-  *,  he*££ 
Btotion-mark  of  a  P«!^  *""*£  verjS^ruptkm,  coold 
ehanoe  of  not  disappear^  "^g?™^  M  this  >oint,  very 
be  fonnd  in  or  nearer  the  Atno  ^avauo.^  TOwh£t  dyke  of 
near  the  head  of  the  Fossa  di  Vetran*  Retort  pro  ^^ 

iheeecarpmentofSom^  oce^whiehl^edlNo.    ^^ 

perambolated  the  entire  base _of  the  «*fg™5».  from  the  in- 
ward and  choosing  out  for  geodetae  *£££££'  £it  W 
nnmerable  dykea  of  every  sue  which  ^*f{"£.  ^est,  and 
direction,  twenty-seren  of  those  ^£^  SHTrfS".  with 
generally  most  charaetenstoc,  I  »™^f  ^J  **      ««,  projecting 

casern:  m t  ««£5  « s 

i^r&^tw^^  —  - 

preceding  to  thirty-four  in  all.  trianides  by  which  the 

Having  in  connexion  with  the  line  of  JP^™£\  feet  (Eng. 

lish)  upon  a  level  part  of  the  Atno  del  Oavallo  ®™™1J^        ^ 
direction,  the  N.W.  extremity  being  nearly  in  a  ?™  *™TlS 
iSnta  del    Naso   and  the  centre   of  the  Vesuvian  ^J^ 
extendedmy  triangulation  bo  as  to  fix,  in  reference  ^J^^^L 
;2t,andtoythe  ^existing  cone .and  ^^V-™^J3~ 
Sue  6f  the  escarpment  of  Somma  from  west  to  east,  CTten^  "J*?* 
the  curve  of  the  escarpment  to  a  distance  of  rather  more  than  ^ 
English  miles.     This  line  has  in  reality  much  less  of  the  form  01  a 
regular  circular  curved  amphitheatre  than  it  appears  to  the <??*** 
viewed  from  the  northern  side  of  the  cone  of  Vesuvius ;  andl  louna 
it  was  by  no  means  exactly  laid  down  upon  the  engraved  **m?™ 
which  contain  Vesuvius  and  Somma,  issued  from  the  topo^pmcal 
office  at  Naples  by  the  former  Government  of  the  King  of  the  lwo 
Sicilies.     I  was   thus  in  a  position   to  fix  trigonometrically  the 
orientation  of  the  twenty-seven  numbered  dykea  in  reference  to >  my 
observing-point,  and  to  the  axis  of  the  cone  of  Vesuvius  ;  and  then, 
again  perambulating  the  whole  line  of  dykes  from  west  to  east,  I 
observed  and  noted   the   characteristics    of  each,  the   lithological 
character  of  its  mass,  the  horizontal  direction  in  which  the  plane  of 
the  dyke  penetrated  the  bank  of  the  escarpment,   the  "  hade,"  or 
dip,  or  departure  in  a  vertical  direction   from  perpendicularity  in 
the  plate  of  rock,  its  curvature,  if  any,  and  other  particulars  to  be 
hereafter  noticed.     These  operations  and  observations  occupied  me, 
along  with  a  staff  of  men  hired  at  Naples  arid  Besina,  for  about  a 
fortnight  in  November,  during  several  days  of  which  there  was 
continuous  rain  and  so  boisterous  a  wind  as   rendered  work  with  a 
theodolite  difficult.     My  chief  assistant  was  Antonio  d'Antonini, 
had  been  my  faithful  and  intelligent    attendant  in  exploring 
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the  results  of  the  Neapolitan  earthquake  of  1857,  and  who  is,  I 
believe,  still  in  Naples. 

After  my  return  to  England  my  survey  was  to  a  great  extent 
plotted  ;  and  the  results  showed  themselves  as  concordant  as 
could  have  been  expected  from  geodetic  work  carried  on  upon 
excessively  uneven  and  elevated  ground,  and  under  the  disad- 
vantages of  weather  described.  The  necessities  of  professional 
engagements  and  other  circumstances,  however,  obliged  my  laying 
aside  for  a  considerable  time  the  completion  of  my  work,  until 
ultimately  failure  of  sight  and  the  impossibility  of  my  note-books 
and  sketches  being  deciphered  by  another  have  compelled  me  to 
lay  it  aside  altogether.  Unwilling,  however,  that  the  results  of  so 
much  labour  and  care  should  be  wholly  lost,  especially  as  some 
of  the  facts  ascertained  are  new  and  appear  not  devoid  of  im- 
portance, I  have  thought  it  best  to  note  down  some  of  the  more 
salient  results,  which  others  more  fortunate  than  myself  may  per- 
haps accept  as  a  basis  for  farther  research.  My  inability  to  pro- 
duce the  whole  of  my  work,  together  with  the  triangulation,  in  a 
fit  state  for  publication  is  now  the  more  regretted  by  me  since 
most  of  the  features,  the  surface-levels  &c.  of  the  Atrio  del 
Cavallo,  as  they  existed  in  1864  have  been  to  an  immense  extent 
altered  by  the  great  eructations  of  lava  that  poured  into  it  during 
the  great  eruption  of  1872,  so  well  described  by  Signor  Palmieri. 
It  is  also  probable  that  the  scorching  heat  then  produced  in  the 
Atrio  del  Cavallo,  and  extending  westward  far  beyond  the  Ob- 
servatory, may  have  partially,  if  not  wholly,  obliterated  most  of 
the  red  numbers  painted  by  me  upon  the  dykes,  and  perhaps  even 
consumed  by  fire  the  wooden  cross  of  the  Salvatore,  which  was  one 
of  my  marks. 

On  examining  with  care,  and  aided  by  the  telescope,  the  entire 
surface  of  the  escarpment  of  Bomma,  it  is  seen  to  consist  of  a  pre- 
cipitous but  nowhere  actually  vertical  bank,  with  a  highly  irregular 
or  serrated  sky-line  rising  at  some  points  800  or  more  feet  above 
the  floor  of  the  Atrio.  Its  exposed  face  consists  to  a  preponderant 
extent  of  beds  of  volcanic  conglomerate,  composed  of  fragments, 
subangular  or  more  or  less  perfectly  rounded,  of  various  sizes, 
from  masses  occasionally  of  a  cubic  yard  or  more  in  volume  to 
nodules  of  the  size  of  a  human  head,  or  of  an  orange,  mixed 
with  pebbles  of  various  smaller  sizes  and  with  gravel  or  lapilli.  Of 
the  latter  there  are  also  great  beds.  Intercalated  with  all  these  are 
many  beds  of  lava,  which,  though  now  for  the  most  part  cross- 
fractured  and  twisted,  had  flowed  in  a  state  of  fusion  from  the 
ancient  crater  of  Somma  and  consolidated  upon  its  slopes.  All 
these  beds,  though  wildly  confused  in  many  places,  yet  preserve  a 
general  horizontally  round  the  amphitheatre.  Crossing  all  these 
in  very  various  directions,  forming  different  angles  with  the 
horizon,  and  scattered  at  very  irregular  distances  from  each  other, 
existing  sometimes  singly  but  often  several  in  close  proximity,  and 
sometimes  inosculating  with  each  other,  and  with  their  edges  highly 
irregular  and  broken,  projecting  more  or  less  from  the  abrupt  face  of 
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the  escarpment,  whose  dope  *f7*«T 

dykes  00  often  referred  to  by  anther*. 

the  entire  height  of  the  ~*W^  ami 

this,  sometimes  giro  the  observer  fteH» 

of  straight  planes,  but  often  show  t1— 

the  first  glance.     Many  are  proton 

which  are  separated  more  or  less  from 

orlapulL    (The  general  appearance  of  a j****- v 

mentTas  seen  from  the   north iflank  *****  \      ^ 

shown  in  the  panorainic  photograph   «***£  J" 

indebted  to  the  photographer  who  «£™  iTeaoS 

aurrey.)    On  examining  in  detail  the  Usee  of  «e  e*~J 

observable  that  the  beds  of  conglomerate  or  <**&£ 


many  places  eridences  of  severe  comnJr5BBI?? 
rertical  directions,  and  are,  ^^^Z^^^^L^  at  * 
perfectly  glned  or  cemented  ^^^JSl^TwtoA  *** 
baring  acted  npon  the  partially  ^^^^^^^^Om 
fetegrated  material  consists,  and  whichto™ [^^^^m 
and  formed  the  cementing  materiaL  J™  !D^**|^^bsM 
pact  mass,  which  is  not  an  uncommon  'wfeam9^?^^^2m> 
observed  by  myself  a.  taking  place  in  *g^*}Z^gcm* 
deposited  m  the  neighbourhood  of  the  *»«f™  *™  ^  °?"  Wtiwr 
berland.  The  large  qnantity  of  Kme  employed  an  ™*J°*  ^*dmc*» 
the  hsmiatite  ores  vpemted  upon  in  these  vast  Y<**ZJ*°t££ 
slags  the  silicates  in  which  are  sufficiently  wl^J^™?^Tor 
pact  mass,  requiring  the  pick  to  break  it  m^  at  •  dep^  «^y^ 
10  feet  from  the  surface,  and  within  a  period  efi »~a*  ?"  ""££, 
years  from  the  time  when  the  slags  were  in  liquid  f"*0*? "r^f  ^j^ 
acting  npon  them  being  derived  from  rain  only.  /Z****^^  & 
escarpment  of  Somma  thus  composed  of  masses  of  ▼«*>_^m****~\, 
of  no  coherence,  is  acted  upon  by  rain  felling  upon  its  «W^ 
sloping  face;  and  in  several  places  deep  recesses  or  **rr*M*!0* ,*v 
cut  back  into  it,  some  of  which  are  of  great  sue,  snd  nave  tneir 
floors  at  the  level  of  the  Atrio  covered  more  or  lecV^~£l  wt* 
sloping  talus  of  detritus  swept  down  by  rain  torrents  from  the  toffy 
bank  above. 

On  ascending  at  the  western  extremity  to  the  crest  and  f  oJJowing 
along  more  or  less  nearly  the  edge  of  the  escarpment  upon  the 
outer  slope  of  8omma,  which  falls  towards  the  plain  at  angles 
generally  of  from  26°  to  32°,  we  find  it  intersected  by  numberless 
rain-channels  generally  tending  down  the  slope ;  these  in  many 
instances  attain  the  magnitude  of  large  *•  nullahs,"  or  even  of 
gorges,  and,  from  the  loose  nature  of  many  of  their  materials,  are 
not  crossed  even  in  dry  weather  without  some  danger  and  difficulty ; 
indeed  the  walk  along  the  edge  from  west  to  east  is  extremely  la- 
borious and  difficult.  It  is,  however,  instructive  in  several  ways, 
and  especially  as  showing  that  not  very  many  of  the  superior  or 
northern  termination*  of  these  dykes  reached  as  far  as  even  the 
existing  surface,  and  were  far  from  ever  reaching  the  surface  of  the 
t  slope  of  Somma,  while  that  mountain  still  existed  as  a  vol- 
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cano ;  for  a  great  depth  of  the  loose  material  which  mainly  consti- 
tuted the  original  cone  of  Somma,  a  depth  which  may  in  some  places 
have  reached  perhaps  200  or  300  feet,  has  been  removed  and  swept 
down  towards  the  plain  by  the  action  through  long  ages  of  rain  and  of 
pin  vial  torrents.  In  passing,  it  may  be  remarked  that  the  rapidity 
with  which  the  incoherent  matter  deposited  upon  the  flanks  of  vol- 
canic mountains  is  thus  swept  away  by  rain  is  well  exemplified  upon 
the  flank  of  Etna  by  the  condition  of  the  old  oak  trees  which  con- 
stitute the  Bosco  della  Casa,  which  is  crossed,  three  or  four  miles 
above  Nicolosi,  by  the  usual  mule-path  towards  the  summit.  The 
slope  of  the  mountain  here,  the  inclination  of  which  generally  is  very 
moderate,  not  exceeding  perhaps  10°,  is  composed  almost  wholly  of 
loose  black  pyroxenic  sand,  in  which  and  probably  in  old  tufaceous 
beds  beneath  the  oak  trees  grow. 

On   examining  the  trunks  of  these,  it  is  at  once  apparent  that 
the  level  of  the  surface  during  their  earlier  life  was  from  two  or 
three  to  (in  several  places  and  over  large  areas)  five  feet  above  what 
it  is  at  present,  the  lowermost  part  of  the  bole  proper,  or  trunk,  of  the 
tree,  with  its  rough  bark  and  spreading-out  base,  marking  the  original 
ground-line,  while  the  tree  now  stands,  as  it  were,  upon  its  toes, 
the  great  tap-roots,  one  or  several,  forming  its  only  connexion  with 
the  present  ground  (1864),  which  they  penetrate  so  as  to  support 
the  tree.    None  of  these  oaks  are  probably  more  than  one  hundred 
or  one  hundred  and  fifty  years  old;  within  that  time  therefore 
a  depth  of  from  three  to  five  feet  of  material  has  been  denuded  from 
from  this  part  of  the  mountain  over  a  very  large  area,  and  this  not- 
withstanding that  relays  of  like  detritus  have  during  the  interval 
been  brought  down  by  rain  from  still  higher  parts  of  the  slope. 

The  results  of  my  survey  may  be  classed  into : —  1st,  Observations 
on  the  directions  in  space  and  in  reference  to  the  material  of  the  es- 
carpment of  the  dykes.  2nd.  The  lithological  and  other  circum- 
stances of  the  dykes  themselves  and  of  the  matrix  adjacent  to  them, 
which  throw  some  light  upon  the  nature  of  their  production.  3rd. 
Conclusions  to  which  these  data  appear  to  point. 

The  apparent  horizontal  direction  in  which  a  dyke  observed  at  the 

level  of  the  floor  of  the  Atrio  plunged  into  the  bank  of  the  escarpment, 

I  have  called  the  strike.    This  direction,  when  referred  to  the  axis 

of  the  cone  of  Vesuvius,  I  have  called  the  orientation  of  the  dyke. 

The  divergence,  if  any,  from  verticality  of  the  plane  of  the  dyke  I 

have  called  its  dip  or  hade.     Curvature  refers  to  bending  round  some 

imaginary  line  other  than  vertical,  while  twisting  means  torsion  round 

some  imaginary  line  exterior  to  the  dyke  and  not  far  from  vertical. 

The  dykes,  at  their  exposed  edges,  rise  to  very  various  heights,  some 

to  the  top  of  the  escarpment,  generally  thinning  out  as  they  ascend ; 

others  only  rise  sixty  or  seventy  feet  above  the  floor  of  the  Atrio, 

«nd  taper  rapidly,  coming  to  an  edge  from  a  thickness  of  perhaps 

rive  or  six  feet  at  the  visible  base,  and  without  any  observable  fissure 

extending  beyond  tha  summit  into  the  matrix.    Some  are  so  curved, 

twisted,  and  often  dislocated  into  fragments  of  greater  or  less  length 

that  no  deduction   as    to  orientation  is  possible ;  but  many  others, 
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not  free  from  twist  or  camtare  or  even  from  cross  fractures, 
still  admit*  within  moderate  hmita,  of  the  deduction  of  their  orienta- 
tktt  as  weil  oft  of  their  general  dip.      One  source  of  possible  error 
which  out  anVct  some  of  bit  observations  I  most  not  omit  to  men- 
tion.    From  the  —floes*  of  the  exposed  surface  and  the  necessity 
of  oonerving  each  dyke  at  but  a  few  feet  from  its  base,  the  only  praeti- 
ce&e  method  of  determining  the  strike  was  by  means  of  the  compear 
Bat  as  many  of  these  dykes  are,  like  most  volcanic  products,  msg- 
aerie  aad  sometimes  with  polarity,  the  indications  as  to  horigontal 
direction  anorded  by  eompass  are  somewhat  uncertain ;   and  the 
amount  of  deviation  from  this  cause,  if  it  exist,  is  not  easily  determi- 
nable*    I  do  not  think,  however,  that  any  Tory  large  error  due  to 
these  causes  exists  in  my  observations;  for  on  compering  the  directions 
shown  by  two  different  compasses,  one  carrying  a  heavy  and  power- 
ful pivoted  bar  magnet,  the  other  a  Tory  hght  needle,  both  soccess- 
ively  placed  in  the  same  position  and  within  a  few  feet  of  the  base  of 
some  of  ihc  largest  of  these  dykes,  and  on  also  comparing  the  direction 
of  both  compasses  when  remoTed  a  hundred  yards  or  more  from  the 
base  of  the  same  dykes  and  still  in  the  direction  of  the  plane  of  the 
dyke,  I  did  not  find  a  notable  difference  of  indication,  though  some- 
times reaching  a  degree  or  two.     The  observations  of  strike  'thus 
made,  when  combined  with  the  position  at  the  escarpment  and  level 
of  the  floor  of  the  Atrio,  of  the  terminal  edge  of  each  dyke,  com- 
pleted the  elements  necessary  for  the  determination  of  its  orienta- 
tion or  line  passing  noriiontally  through  its  general  plane  when  pro- 
duced through  the  axis  of  the  existing  Yesuvian  cone. 

The  orientation  of  five  or  six  of  the  dykes  thus  obtained  is  such 
as  to  pass,  though  only  approximately,  through  the  axis  of  the 
eone — all  the  others  observed  presenting  wide  disparities  in  direc- 
tion of  orientation,  which  in  most  cases  passed  outside  the  confines 
of  the  cone  itself  at  the  level  of  the  Atrio.  Indeed  in  some  cases 
two  dykes  of  different  ages  cross  one  another ;  and  while  tbe  orien- 
tation of  one  roughly  approximates  to  the  Yesuvian  cone,  that  of  the 
other  passes  wide  away  from  it.  The  divergence  from  axial  orien- 
tation increases  much  as  we  approach  nearer  to  the  eastern  end  of 
the  escarpment ;  and  as  we  begin  to  descend  from  the  level  of  the 
floor  of  the  Atrio  along  the  prolongation  of  the  escarpment  towards 
where  it  is  lost  in  the  eastern  slope  of  the  mountain,  we  find  a  large 
number  of  dykes  whose  orientation  is  seen  at  a  glance  to  be  wide 
away  from  any  part  of  tbe  existing  cone  of  Vesuvius,  and  whose  dip, 
or  hade,  is  towards  the  west  and  north,  and  rapidly  increases  as  we 
descend,  so  that  several  of  the  most  easterly  of  these  dykes  present  to 
the  eye  the  character  of  old  beds  of  lava  inclined  at  angles  steeper 
than  the  slope  of  the  mountain,  and  dipping  into  the  latter,  in  which 
they  are  partially  buried,  rather  than  of  dykes  at  all.  I  did  not  de- 
termine the  exact  strike  of  any  of  these  dykes  or  beds  eastward 
of  my  number  27,  partly  by  reason  of  the  facte  just  given,  but  mainly 
because  their  bases  could  not  be  seen  from  my  observing-station  at 
the  base  of  the  cone  and  could  only  be  approached  over  a  bed  of 
hugely  scoriaceouB  lava  which  had  overflowed  from  the  Atrio  at  this 
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outlet,  and  descended  by  the  Can&le  del  Inferno.  Of  the  whole 
of  the  numbered  dykes,  ten  present  as  their  main  feature  an  approxi- 
mately vertical  plane,  all  the  rest  having  a  very  sensible  dip  or  hade. 
This  dip,  from  No.  1  to  No.  13,  is  towards  the  west  and  north  at 
various  angles,  none  exceeding  38  degrees  with  the  vertical.  Be- 
tween Nob.  13  and  27  the  dip  trends  towards  the  east  and  north,  never 
exceeding  from  30  to  40  degrees,  and  the  average  being  not  more 
than  about  20°. 

I  did  not  observe  any  case  in  which  a  dyke  was  intersected  by  a 
coherent  bed  of  lava ;  but  in  one  instance  the  highest  part  of  one 
dyke  (No.  1)  is  stopped  at  its  upper  extremity  by  the  underside  of 
an  overlying  and  nearly  horizontal  bed  of  lava.  Not  only  do  many 
dykes  bifurcate  or  send  off  branch  dykes  at  different  heights,  but  two 
dykes  frequently  intersect  each  other  and  often  at  considerable 
angles,  so  that  in  one  instance  (No.  10)  the  general  plane  of  one  is 
nearly  orthogonal  to  that  of  the  other. 

These  and  many  other  circumstances  prove  these  dykes  to  have 
been  produced  at  very  different  and  successive  ages.  Many  of  the 
curved,  twisted,  or  broken  dykes  present  proofs  of  having  been  sub- 
jected to  severe  and  long-continued  pressures  io  both  vertical  and 
horizontal  directions,  which  have  resulted  in  great  displacements 
from  their  original  positions.  Thus  the  third  dyke  examined,  between 
No.  13  and  No.  14,  has  been  crushed  by  descending  movements  of 
the  surrounding  matrix,  as  roughly  indicated  in  fig.  1.  In  others 
lateral  displacement  has  attended  also  upon  vertical  movement,  as  in 
the  dyke  No.  9,  which  has  been  cross-fractured  with  lateral  displace- 
ment and  descent  of  one  segment  of  the  dyke,  as  indicated  in  fig.  2. 
An  ideal  figure  of  this  form  of  displacement  has  been  given  by 

Fig.  l.—Dyke  crushed    Fig.  2. — Dyke  frac- 

by  descending  move-        tured  with  lateral        Fig.  3. — Curved 
ment  of  matrix.  displacement.  Dyke. 


Phillips,  'Vesuvius/  page  132,  whose  very  slight  notice  of  these 
dykes  in  that  work  leaves  much  to  be  desired.    A  third  form  of  dis- 
placement is  seen  in  the  first  dykes  examined,  between  No.  22  and 
Q.  J.  G.  S.  No.  128.  2  l 
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No.  23,  which  have  been  abruptly  curved  in  contrary  directions  and 
broken  into  numerous  voussoir-like  fragments  with  but  little  dis- 
placement from  each  other  by  pressure  while  gripped  by  the  matrix, 
as  indicated  by  fig.  3. 

In  the  dyke  No.  7  there  is  intersection  of  one  dyke  with 
another,  the  surfaces  at  the  intersec- 
tion being  so  altered  and  dislocated  Fig.  4. — Intersecting  Dyke*. 
that  it  is  impossible  to  say  which  of  the 
two  is  the  intruder;  both  dykes  are 
here  violently  distorted  and  broken,  as 
roughly  shown  in  fig.  4.  In  many  in- 
stances, as  in  the  dyke  No.  5,  one  or 
more  adjacent  dykes  have  been  broken 
across  into  short  fragments,  twisted, 
curved,  or  straight,  which  have  been 
forced  away  from  each  other  for  dis- 
tances of  many  feet  or  yards,  and  now 
occupy  the  most  irregular  positions  in 
the  matrix,  as  remarkably  evidenced  in 
the  dyke  No.  16,  of  which  the  annexed 
figure  5  is  a  rough  representation. 
These  transpositions  and  dislocations 
are  of  much  interest  and  importance. 

They  indicate  the  vast  extent  as  well  as  the  force  of  the  internal 
movements,  due  principally  to  gravity,  which  are  constantly  taking 

Fig.  5. — Dykes  fractured  and  displaced. 


volca  noes 


Digitized  by  VjOOQ IC 


PRODUCTION  OP  VOLCANIC  DTKK8.  481 

toeing  constantly  ejected  about  the  upper  parts  of  the  cone,  and  with 
ik  weight  in  reference  to  surface  increasing  with  proximity  to  the 
orator,  the  tendency  would  be  to  increase  the  mignlay  slope  of  every 
volcano  as  we  approach  nearer  the  top.  But  as  the  great  mass  of 
ejected  material  is  fragmentary  and  incoherent,  and  can  therefore 
only  repose  permanently  within  a  certain  slope  (or  angle  of  repose), 
so  the  tendency  to  increase  the  angle  of  the  cone  by  the  deposit  of 
new  material  is  more  or  less  met  by  irregular  creeping  downwards, 
and  sometimes  by  slipping  of  parts  of  the  mass  downwards  as  in 
landslips,  the  discontinuous  materials,  when  thus  forced  downwards, 
often  carrying  along  with  them  and  dislocating  or  distorting  such 
connected  beds  of  lava  or  dykes  as  may  be  involved  in  the  mass.  An 
inspection  of  the  general  surface  of  the  escarpment  of  Somma  for  its 
entire  length  and  height  at  once  shows  the  observer  how  small,  pro- 
portionally, is  the  mass  of  lava-beds  or  dykes  included  in  the  enor- 
mous surrounding  mass  of  volcanic  conglomerate,  lapilli,  and  sand, 
and  appears  to  the  writer  fully  to  sustain  the  estimate  made  by  him 
in  his  paper  "  On  the  Nature  and  Origin*  of  Volcanic  Heat  and 
Energy  "  (Phil.  Trans.  1873),  that  the  incoherent  material,  heated 
but  not  fused,  ejected  during  volcanic  eruptions,  exceeds  by  twenty- 
fold  the  mass  of  the  material  which  is  poured  forth  in  fusion. 

The  relatively  attenuated  ribs  or  plates  of  consolidated  lava,  present 
extremely  small  resistance  to  the  pressures  produced  by  the  enor- 
mous weight  of  the  discontinuous  material  around  them,  and  which, 
by  reason  of  its  discontinuity,  acts  somewhat  as  if  it  were  an  imper- 
fect liquid  or  a  mere  heap  of  dry  sand,  in  transmitting  the  internal 
movements  which  are  continually  taking  place  within  it  under  the 
joint  influence  of  slope  and  gravitation. 

Although  the  rounding,  more  or  less  complete,  of  the  fragments 
which  constitute  beds  of  volcanic  pebbles,  large  or  small,  and  of  the 
constituents  of  conglomerates  compacted  together  after  deposition,  is, 
as  has  been  stated  by  several  authors,  produced  .by  mutual  attrition 
prior  to  their  ejection,  there  can  be  little  doubt  that  further  com- 
minution and  rounding  is  produced  by  these  powerful  though  little- 
noticed  movements  of  descent  after  their  deposit  in  the  mass  of  vol- 
canic mountains.  The  same  phenomena,  though  upon  a  minuter 
scale,  are  to  be  seen  in  the  rounding  which  is  known  to  take  place 
to  considerable  depths  in  the  macadamized  stratum  of  roads  which 
have  been  long  traversed.  In  these  the  originally  angular  fragments 
of  broken  road-metal  are  found  rounded  when  the  mass  is  broken  up 
and  exposed  to  view,  to  far  greater  depths  than  the  impacts  or  pres- 
sures upon  the  surface  would  seem  to  have  been  transmitted,  intes- 
tine movements,  extending  deep  into  the  mass  though  not  noticeable 
at  the  surface,  being  sufficient  to  rub  together  and  round  the  once 
angular  fragments  to  an  extent  less  as  their  position  is  deeper  from 
the  surface. 

It  is  obvious,  from  what  has  been  stated  as  to  the  movements  of 
dykes  at  periods  subsequent  to  their  production,  that  the  present 
positions  in  which  they  may  be  found  do  not  necessarily  infer  any 
thing  as  to  the  position,  whether  in  orientation  or  in  dip,  in  which 
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they  may  have  been  originally  deposited.     Any  such  inference  at  to 
a  particular  case  might  be  grossly  in  error,  and  would  probably  be 
bo  in  the  case  of  curved  or  twisted  though  more  or  leas  contrauout 
dykes.    The  error  may  be  greatly  less,  or  perhaps  no  error  may  exist, 
where  the  inference  is  drawn  from  nearly  flat  dykes,  whose  planes 
present  neither  considerable  twist,  curvature,  nor  fracture.      But  ts 
we  never  can  be  certain  that  any  dyke  may  not  have  had  its  position, 
especially  its  orientation,  more  or  less  changed  or  shifted  subsequently 
to  its  production  by  injection,  and  as  we  also  never  can  be  certain 
that  any  two  dykes,  whether  distant  or  adjacent,  and  of  which  we  can 
only  see  some  one  section  of  a  part  of  the  dyke,  which  may  be  chiefly 
a  vertical  section  as  in  Somma,  or  may  be  more  commonly  horizontal 
sections  as  well  as  vertical  ones,  such  as  are  found  surrounding  the 
Val  del  Bove,  so  we  never  can  be  certain  that  any  two,  though 
now  apparently  converging,  must  have  emanated  from  a  common 
volcanic  axis  or  crater.     The  evidence  as  to  such  common  origin 
can  never  be  more  than  probable,  though  the  probability  may  cer- 
tainly be  strengthened  in  some  ratio  to  the  number  of  dyke-planes, 
or  planes  of  orientation,  which  we  may  observe  (after  sufficiently 
exact  geodetic  operation)  all  to  appear  to  converge  to  a  single  axis. 
The  divergences  from  even  approximation  to  any  such  single  axis, 
found  by  me  in  the  dykes  of  Somma,  at  one  time  raised  doubts  in 
my  mind  as  to  whether  they  were  injected  dykes  at  all,  or  might 
not  be  ancient  lava-beds  which  had  flowed  down  the    slope  of 
the  mountain  at  various  epochs,  and  had,  by  some  unexplained 
causes,  been  broken  up,  more  or  less  turned  on  edge  in  planes 
in  a  line  with,  or  transverse  to,  the  slope,  or  even  occasionally 
inverted  altogether.     This  view  I  was  subsequently  compelled  to 
abandon,  though  some  facts  observed  during  the  careful  lithologicai 
survey  which  I  made  of  these  beds  seemed  for  a  time  to  support  it ; 
and  1  should  add  that  one  class  of  facts  observed  and  about  to  be 
referred  to,  which  seemed  to  support  this  hypothesis  strongly,  are 
to  me  still  without  an  explanation  and  remain  for  the  more  com- 
plete investigations  of  others.     I  may  remark  here  that  the  descent 
of  large  surfaces  of  lava-beds,  along  with  the  sand  and  detritus 
which,  from  the  causes  already  referred  to,  and  aided  by  rains,  are 
in  many  instances  observed  to  have  descended  more  or  less  upon 
volcanic  flanks,  and  the  turning  up  of  such  beds  more  or  less 
on  edge,  either  in  a  direction  transverse  or  approaching  to  their 
line  of  descent,  are  by  no  means  uncommon  phenomena  in  volcanic 
countries.    If  the  large  plate  of  lava  thus  descend  upon  the  detrital 
slope  of  an  uninterrupted  volcanic  cone,  the  lower  or  forward  end 
of  the  huge  slab,  like  a  flat  coulter,  tends  constantly  to  increase 
the  volume  of  a  ridge  of  detritus  heaped  up  before  its  foremost 
edge;  and  a   time  may  arrive   when,   from  this  cause  and  the 
slowly  digging  deeper  into  the  detrital  bed  of  the  advancing  edge, 
the  whole  huge  plate  is  brought  to  rest.     If  sufficiently  large, 
the  detrital  matter  of  the  bed  is  interrupted  in  its  descent  by  the 
upper  or  higher  edge  of  the  plate,  while  it  is  washed  out  more  or  less 
from  the  lower  edge  by  the  percolation  of  rain,  which  makes  its  exit 
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in  rain-channels  towards  the  lower  edge.    The  angular  tilt  of  the 
plate  therefore  continues  to  increase  slowly  with  time,  and  to  exceed 
that  of  the  slope,  until  at  last  the  lava-plate  stands  on  edge,  its 
lower  part  being  buried  in  the  detritus,  and  the  upper  part  in  free 
air,  the  plane  of  the  plate  in  this  position  being  more  or  less  nearly 
transverse  to  the  line  of  slope ;  and  this  process,  if  continued,  may 
even  cause  the  inversion  of  the  bed,  so  that  what  was  its  upper 
surface  as  it  flowed  from  the  crater  over  the  upper  part  of  the  slope, 
and  consolidated  there  or  further  down,  becomes  the  lower  surface, 
upon  which  it  now  reposes,  and  what  was  the  bottom  surface  would 
then  face  the  sky.    But  the  surface  of  no  volcanic  mountain  is  a 
simple  cone ;  its  sides,  at  least  so  far  as  they  are  deeply  covered 
with  detrital  material,  are  deeply  furrowed  and  broken  into  small 
valleys  and  torrent-beds,  having  banks  of  increasing  steepness  at 
either  side  as  they  get  nearer  the  bottom,  and  the  general  direction 
being  often  with  but  little  sinuosity  up  and  down  the  slope,  as 
frequently  seen  on  the  flanks  of  Monte  Vulture.     Now,  if  a  plate 
of  lava  descending  under  the  mechanism  just  described  should  reach 
the  brow  of  one  of  these  rain-gullies,  its  course  of  descent  directly 
down  the  mountain-slope  may  be  gradually  changed,  and  it  may 
begin  to  descend  by  quite  the  same  mechanism  along  the  banks  of 
the  gully  in  a  direction  diagonally  transverse  thereto,  and  may 
finish  its  course  by  being  turned  up  on  edge  as  before  described, 
but  now  with  its  plane  in  a  direction  more  or  less  nearly  orthogonal 
to  that  just  described,  and  in  an  approximately  vertical  direction, 
its  plane  being  directed  more  or  less  nearly  towards  the  axis  of 
the  mountain.     If  such  a  plate  be  subsequently  buried  in  detrital 
matter,  it  will  present  very  much  the  characters  of  a  dyke  of  injec- 
tion, with  this  difference,  that  the  two  sides  of  the  plate  will  present 
those  marked  differences  always  seen  in  the  top  and  bottom  surfaces 
of  consolidated  plates  of  lava.     I  have  observed  several  instances  of 
these  remarkable  changes  of  position ;  thus,  for  example,  in  Au- 
vergne,  on  the  left  and  within  a  short  distance  of  the  carriage-road 
from  Clermont  Ferrand  and  about  five  miles  from  that  city,  passing 
over  the  great  volcanic  plateau  on  the  direct  road  to  Pont  Gibaud, 
on  the  slope  of  a  hill  of  volcanic  detritus,  there  exists  a  thick  bed  of 
lava  with  many  included  boulders  tilted  thus  and  standing  several 
feet  in  the  air.     I  observed  also  several  such  instances  in  1858 
upon  the  flanks  of  Monte  Vulture,  upon  the  side  towards  Melfl; 
and  I  have  been  informed  by  a  friend  who  resided  in  Mexico  that 
like  facts  are  not  unknown  there. 

In  making  my  lithological  survey  of  these  dykes  I  was  prepared 
to  notice  particularly  whether  the  two  opposite  surfaces  of  the  same 
dyke  were  alike  or  different,  whether  the  parts  more  or  less  adjacent 
to  each  surface  were  the  same  as  those  of  the  interior  of  the  dyke, 
or  differed  in  character  or  mineral  composition,  compactness,  frac- 
ture, &c.,  from  the  material  of  the  latter,  or  whether  any  pyromor- 
phic  changes  were  observable  at  or  near  the  surfaces  of  contact 
where  a  dyke  intersected  another  dyke  or  a  lava  bed,  whether  the 
mass  of  the  dyke  was  amorphous,  and  if  jointed,  in  what  direction 
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the  joints  lay,  and  whether  the  structure  differed  at  different  parts, 
being  amorphous  and  jointed  into  great  blocks  or  having  a  more  or 
less  slaty  or  shivered  structure  conferred  upon  it. 

I  gave  particular  attention  to  the  prevalent  directions  in  which 
elongated  air-bubbles  were  found  imbedded  in  each  dyke. 

It  is  a  fact  now  familiar  to  most  geologists  that  the  longest 
axis  of  air-bubbles  occurring  in  lava  or  other  igneous  rocks  is 
turned  more  or  less  exactly  in  the  direction  in  which  movement  or 
flow  has  taken  place  in  the  mass  while  in  fusion,  just  as  in  most 
igneous  granites  which  contain  large  crystals  of  felspar  or  others  of 
a  flattened  form,  the  larger  dimensions  of  these  crystals  indicate 
the  line  of  flow  of  the  granite  while  in  fusion.  This  is  prominently 
seen  in  the  granite  of  Dartmoor  in  those  quarries  from  which  a 
large  portion  of  the  pavements  of  the  city  of  Exeter  have  been  ob- 
tained. It  is  obvious,  therefore,  that  in  a  dyke  the  longest  axes  of 
these  air-bubbles  should  indicate  the  direction  in  which  its  molten 
material  has  been  forced  into  the  cleft.  If  the  injection  had  been 
from  below  the  lowest  point  of  the  dyke,  and  the  flow  into  the  cleft 
had  been  therefore  approximately  vertical,  as  was  perhaps  the  case 
in  many  of  the  subaerial  dykes  of  geologists,  and,  so  far  as  I  can 
comprehend  the  not  very  clearly  expressed  views  of  Mr.  Scrope, 
also  in  volcanic  dykes  (Volcanoes,  1862),  then  it  is  obvious  that 
in  these  dykes  of  Somma  the  prevalent  direction  of  the  longest 
axes  of  these  bubbles  should  be  approximately  vertical.  If,  on  the 
other  hand,  the  injection  of  these  dykes  has  been  lateral,  and 
though  perhaps  inclined  upwards,  still,  on  the  whole,  horizontal,  as 
being  derived  from  the  molten  matter,  more  or  less  filling  a  crater, 
from  which  the  dykes  diverged,  then  the  longest  axes  of  the  air- 
bubbles  should  be  found  nearly  coincident  with  the  plane  of  the 
dyke,  and  if  not  horizontal,  not  very  divergent  by  inclination 
slightly  upwards,  or,  with  much  less  probability,  still  more  slightly 
downwards.  Should  the  prevalent  direction  of  the  longest  axes 
prove  transverse  to  the  plane  of  the  dyke,  it  would  cast  considerable 
doubt  upon  the  foot  of  the  dyke  having  been  filled  by  injected  matter 
at  all— just  as  in  lava  streams  which  have  flowed  and  consolidated  on 
gentle  slopes,  although,  owing  to  intestine  movements  of  the  still 
viscous  mass,  bubbles  with  their  longest  axes  vertical  are  occasionally 
found,  the  greatest  preponderance  of  these  axes  is  in  the  direction  of 
the  flow,  and  were  we  to  find  the  preponderant  direction  to  be 
vertical,  it  would  cast  much  doubt  upon  whether  there  had  been  an 
approximately  horizontal  flow  at  all. 

I  also  observed  the  characteristics  of  each  dyke  as  indicated  by 
its  included  minerals,  •  On  this  last  point  I  may  at  once  remark 
that  although  it  is  generally  and  correctly  stated  by  authors  that  the 
distinguishing  characteristic  between  the  ancient  lavas  of  Somma, 
and  the  modern  ones  of  Vesuvius  is  the  great  prevalence  of  leucite 
jn  the  former,  the  statement  that  the  dykes  of  Somma  are  all  of 
*nva  is  by  no  means  correct  Leucite  is,  no  doubt,  the  charac* 
'  inoludedin  the  larger  number  of  these  dykes ;  but 
of  them,  and  in  some  is  very  preva- 
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lent,  though  I  am  not  aware  that  any  one  dyke  is  to  be  found  quite  free 
from  leucite  in  large  or  small  crystals.  One  dyke  of  those  examined 
by  me  (namely,  116)  contains  crystals  of  idocrase  in  notable  pro- 
portion. %  As  respects  the  lithological  character  of  the  entire  mass  of 
each  dyke,  the  whole  may  be  divided  into  three  classes : — 1.  those  of 
dark-coloured  compact  and  generally  subcrystalline  lava,  which  con- 
stitute a  large  proportion  of  the  whole ;  2.  those  of  a  much  lighter- 
coloured,  softer,  and  very  imperfectly  subcrystalline  lava  of  that 
sort  which  Lyell  has  denominated  "  GrayBtone,"  of  which  material 
immense  dykes  also  occur  in  the  escarpment  of  the  Val  del  Bove 
(a  few  of  the  larger  of  these  dykes  in  Somma  show,  though  ob- 
scurely, a  tendency  to  a  cross  columnar  structure,  one  which,  in  the 
case  of  some  of  the  very  largest  of  these  dykes  of  the  Val  del 
Bove,  is  magnificently  developed,  the  hexagonal  prisms  being,  in  the 
case  of  one  very  thick  dyke  examined  by  me  upon  the  west  side, 
nearly  horizontal  and  perfectly  square  to  the  sides  of  the  dyke, 
and  in  prisms  perfectly  detachable  from  each  other,  and  from 
ten  to  fifteen  inches  in  diameter) ;  3.  the  third  class  on  Somma 
consists  of  thin  dykes  of  highly  compact  material,  dark-coloured, 
and  either  gray  or  green,  very  hard,  and  with  but  little  appearance 
of  even  minute  crystalline  structure. 

The  substance  of  these  may  be  called  phonolite  in  the  grey,  and 
greenstone  in  the  other  dykes.  In  one  of  the  triple  dykes  exa- 
mined by  me,  viz.  no.  11,  a,  6,  and  c,  a  and  o  are  in  absolute  con- 
tact with  a  mere  joint  of  separation,  and  are  nearly  vertical,  while 
e  appears  to  meet  the  others  at  a  point  a  few  feet  below  the  Atrio, 
diverging  from  them  at  an  angle  of  about  45°,  the  intervening 
wedge  being  filled  in  with  volcanic  conglomerate  and  pebbles.  All 
these  three  adjacent  dykes  are  of  different  sorts  of  lava :  a  is  largely 
leucitic,  and  contains  very  small  crystals  of  olivine,  or  perhaps  of 
sphene ;  b  is  leucitic  with  crystals  of  pyroxene,  and  containing  also 
idocrase;  while  e  is  an  extremely  hard  and  absolutely  compact 
pyroxenic  lava,  like  a  greenstone,  with  a  well-marked  cross  sub- 
columnar  structure. 

These  three  dykes  would  therefore  appear  to  be  either  of  different 
ages,  or  derived  from  different  sources  of  crater-contained  lava,  differ- 
ing in  composition  and  perhaps  injected  from  very  different  depths. 
While  the  jointing  in  all  these  dykes  is  generally  more  or  less  trans- 
verse to  their  plane,  evidences  of  a  distinct  laminated  or  slaty  cleav- 
age, sometimes  with  complete  separation  of  the  flakes,  are  perceptible 
in  some  of  the  dykes  which  have  been  subjected  to  severe  lateral 
pressures,  producing  curvatures  and  twisting.  The  planes  of  lami- 
nation are  very  generally  inclined  to  the  general  plane  of  the  dyke, 
the  strike  of  both  more  or  less  coinciding ;  and  this  structure  usu- 
ally becomes  evanescent  at  a  few  yards  in  length  of  the  dyke,  which 
then  returns  to  the  normal  transverse  jointing.  The  dykes  num- 
bered 5,  6,  7, 10,  12,  13, 15  bis,  16,  22,  and  25,  all  present  more 
or  less  distinct  evidences  of  this  structure,  the  crushing  forces 
producing  which  do  not  seem  to  have  been  always  in  a  direction 
normal  to  the  lamination,  but  to  have  shattered  the  mass  by  a 
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diagonal  or  "wiping"  local  thrust.  These  facto  present  striking 
evidence  of  the  immense  power  of  the  internal  movements  which 
take  place  within  the  mass  of  volcanic  cones  at  periods  long  sab- 
sequent  to  original  deposition. 

Referring  now  to  the  disposition  of  the  air-bubbles,  these  are 
comparatively  rare  in  the  thin  and  more  compact  dykes.  They  are 
not  uniformly  diffused,  generally  existing  in  greater  numbers  near 
the  sides  of  the  dyke,  although  more  or  leaaparsenUs  throughout ;  in 
some  instances  they  thickly  congregate  in  zones  towards  the  centre 
of  the  mass,  running  nearly  parallel  with  its  sides.  Some  large 
and  generally  longish  irregular  cavities  of  considerable  size,  with 
very  rough  internal  surfaces,  and  often  a  foot  or  more  in  length, 
occasionally  occur,  the  direction  of  their  longest  axes  being  very 
indeterminate.  But  these  must  not  be  confounded  with  the  air- 
bubbles,  as  they  are  obviously  rents  produced  in  the  viscous  lava  as 
it  was  forced  onwards.  The  long  axes  of  the  air-bubbles  are  found 
on  the  whole  to  be  nearly  horizontal,  or  pointing  at  moderate  angles 
upwards,  and  in  directions  very  nearly  parallel  with  the  plane  of  the 
dyke  at  the  place  where  they  occur.  This  is  well  observable  in  the 
dykes  ffos.  1, 5,  6,  9, 11, 17,  22,  and  27.  In  Nos.  11, 17,  and  27 
the  rents  or  cavities  above  spoken  of  are  also  to  be  found. 

From  this  great  preponderant  horizontality  or  slight  slope  up- 
wards and  coincidence  with  the  planes  of  the  dykes  of  the  long  axes 
of  these  air-bubbles,  I  consider  the  conclusion  is  fully  warranted  that 
these  dykes  have  been  filled  by  injection,  not  from  below,  in  a 
nearly  vertical  and  upright  direction,  but  horizontally,  as  from 
some  source  or  sources  of  liquid  lava  exercising  statical  pressure 
upon  the  containing  walls,  as  in  the  case  of  volcanic  craters  filled 
more  or  less  with  liquid  lava.  It  does  not  seem  possible  to  assign 
any  physical  reasons  why  the  two  surfaces  of  a  dyke  thus  injected 
should  present  any  characteristic  differences,  in  the  material 
of  the  dyke  differing  near  one  or  other  of  its  surfaces  from 
the  interior  of  its  mass,  but  not  so  differing  at  the  other  sur- 
face, nor  any  reason  why  the  two  opposite  surfaces  of  the  same 
dyke  should  present  any  obvious  differences,  both  being  derived 
alike  from  the  impress  given  to  the  viscous  and  cooling  mass  by  the 
opposite  surfaces  of  the  cleft  or  fissure  into  which  that  was  injected. 
That  the  parts  adjacent  to  both  surfaces  of  the  dyke  should 
present  certain  differences  in  texture  may  be  expected ;  for  if  the 
walls  of  the  fissure  be  at  a  considerably  lower  temperature  than  the 
viscous  mass  forced  into  it,  the  surfaces  of  the  latter  will  become, 
when  cold,  more  or  less  vitreous,  while  the  interior  of  the  mass 
remains  stony  or  suborystalline,  this  being  in  accordance  with  all 
the  well-observed  facts  as  to  the  rapid  or  gradual  cooling  of  molten 
stony  masses ;  but  that  one  surface  of  a  dyke  should  present  this 
vitreous  character  and  the  other  present  none,  is  not  easily  ex- 
^•5ned ;  and  equally  difficult  is  it  to  explain  why  one  surface 
J  J  have  its  irregularities  mainly  concave  to  the  general  surface 
atain  imbedded  pebbles  picked  up  and  partially  involved, 
»•  of  the  same  sort  as  those  pebbles  contained  in  the  matrix 
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adjacent,  while  the  opposite  side  of  the  dyke  has  its  irregularities 
mainly  convex  to  the  general  surface,  and  sometimes  running  into 
wrinklings  snoh  as  do  not  occur  on  the  first-mentioned  side. 

This  difference  always  characterizes  and  distinguishes  the  bottom 
from  the  top  surface  of  lava  beds  which  have  flowed  over  slight 
slopes,  and  which  have  not  become  superficially  broken  up  into  lumps 
of  scoria :  the  lower  surface  takes  concave  markings  from  protuberant 
or  irregular  portions  of  the  surface  over  which  it  has  run,  and 
contains  stones  and  pebbles  imbedded  in  the  mass  which  have  been 
picked  up  from  that  same  surface ;  the  upper  surface  of  the  lava 
presents,  on  the  contrary,  irregularities  which  are  in  the  main 
convex,  protuberant,  or  bombtes. 

This  diverse  character  at  opposite  sides  of  the  same  dyke,  how- 
ever, is  obscurely  presented  by  some  of  the  dykes  examined  by 
me,  in  which  pebbles  are  found  imbedded  in  one  side  and  none  in 
the  other,  although  the  matrix  at  both  sides  appeared  the  same.   In 
others  one  side  only  shows  the  superficial  change  into  vitreous 
matter,  while  the  other  shows  no  such  change, — the  more  general 
fact,  however,  being  that  both  surfaces  of  the  dyke  show  a  vitreous 
crust,  which  is  often  but  a  fraction  of  an  inch  in  thickness.     The 
following  dykes  show  in  a  marked  manner  these  disparities  of  the 
two  opposite  surfaces : — In  No.  6  A,  3^  feet  thick,  a  thin  vitreous  crust 
at  the  south-west  side,  at  the  opposite  side  a  thick  vitreous  crust, 
with  pebbles  imbedded  in  the  surface.     In  dyke  No.  8,  8  feet  thick, 
there  are  large  imbedded  but  not  adherent  pebbles  on  the  east  face, 
none  on  the  other,  which  is  covered  with  a  wrinkled  crust.    In  dyke 
No.  9,  thickness  3£  feet,  large  and  small  imbedded  pebbles  on  the 
north-east  side,  with  adherent  blackish  scoriae;  opposite  side  no  im- 
bedded or  adherent  matter,  and  irregularities  of  the  surface,  convex  or 
bombees.    Dyke  No.  20,  6  to  7  feet  thick,  many  imbedded  pebbles, 
some  as  large  as  a  man's  head  in  east  face ;  opposite  sides  wrinkly 
and  scoriaceous  without  pebbles.     Dyke  No.  22,  3  to  3£  feet  thick, 
east  side  hollow,  with  some  pebbles  and  cavities,  and  wrinkled ;  west 
side  bombt,  and  contains  many  air-bubbles.    Dyke  No.  24,  8  to  9 
feet  thick,  north  side   bombi  irregularly,   no  crust,  pebbles,  or 
cavities  ;  south  side  with  deep  large  and  small  pits  or  cavities,  and 
with  adherent  crust  and  pebbles.     It  will  be  noticed  that  these  dif- 
ferences in  opposite  surfaces  are  most  observable  where  the  dykes 
themselves  are  thick,  indeed  are  not  seen  at  all  in  the  thin  dykes. 
The  vitreous  external  crusts  generally  present  the  mineral  cha- 
racters of  obsidian  passing  into  a  less  vitreous  material,  having  the 
external  character  of  basanite  or  Lydian  stone,  and  always  very 
dark-coloured,  the  fracture  vitreous  and  subconchoidal.    I  can  only 
vouch  for  the  above  particulars  as  affecting  such  a  height  in  each 
dyke  above  the  floor  of  the  Atrio  as  I  was  enabled  to  climb  to  and 
examine.     It  is  remarkable  that  no  pyromorphio  change  or  action 
is  noticeable  in  the  material  lying  in  contact  with  or  adjacent  to  any 
of  these  dykes.    The  disparity  in  the  characters  of  opposite  faoes 
here  described  appears  to  be  very  dimcult  of  explanation,  and 
presents  a  proper  subject  for  further  observation  here  and  in  other 
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localities ;  I  venture  to  commend  it  to  the  attention  of  volcanic  ex- 
plorers. Some  tight  may  be  thrown  on  the  subject  by  the  remarks 
about  to  be  made  on  the  mode  of  production  and  of  injection  of  the 
fissures  of  these  dykes,  a  subject  which  has  engaged  but  very  slight 
and  insufficient  attention  hitherto. 

80  far  as  my  reading  extends,  I  do  not  find  that  any  writer  on 
geology  or  volcanoes  has  attempted  to  frame  a  physical  theory  profess- 
ing to  account  for  the  mode  of  production  of  the  fissures  which,  when 
filled,  form  volcanic  dykes,  nor  for  the  positions  they  are  found  to 
occupy,  t.  «.  their  apparent  general  fan-like  arrangement  when 
viewed  horiiontally.  Nearly  all  that  Dr.  Daubeny  has  to  say  upon 
the  subject  is  comprised  in  the  following  sentence  : — "  Whatever 
theory  we  may  adopt  with  respect  to  the  formation  of  the  beds  in 
which  these  dykes  occur,  it  is  probable  that  we  shall  all  concur  in 
considering  them  produced  by  the  injection  of  a  leucitic  lava  into 
cracks  which  previously  existed  in  the  containing  rook  "  (Daubeny, 
<  Volcanoes,'  2nd  edit  1843,  p.  232). 

The  phrase  "  previously  existed  *  is  indistinct ;  no  crack  can  be 
filled  until  after  it  has  been  previously  opened ;  but  how  opened,  or 
how  long  previously  to  filling,  we  are  afforded  no  light  by  this 

Most  English  and  several  foreign  text-books  make  reference  to 
volcanic  dykes  in  so  casual  and  incomplete  a  manner  that  the 
reader  can  gather  little  more  than  the  general  notion  that  they 
appear  to  radiate  from  some  central  axis  or  axes ;  even  this  is  very 
often  not  stated,  but  left  to  be  inferred  from  the  description  of  the 
dykes  given.  In  the  late  Professor  Phillips's  generally  admirable 
little  book  upon  Vesuvius,  an  ideal  diagram  is  given  at  page  132  of 
the  aspect  of  a  part,  at  least,  of  the  dykes  of  Somma ;  but  throughout 
the  work,  where  a  most  complete  description  and  discussion  of  these 
dykes  and  of  the  mode  of  their  production  might  have  been  looked 
for,  we  do  not  find  a  single  paragraph  which  treats  of  them. 

Be  la  Beche,  generally  so  exact  as  to  questions  of  physical  geology, 
is  little  more  explicit  (Geol.  Observer,  2nd  edit  1853,  p.  378), 
except  that  he  distinctly  affirms  that  fissures  formed  in  the  mass  of 
volcanic  cones  are  filled  by  the  liquid  lava,  which  exercises  hydro- 
static pressure  upon  the  interior  walls  of  the  crater. 

Sir  Charles  Lyell,  in  his  paper  already  referred  to,  "  On  Lavas  of 
Mount  Etna"  (Phil.  Trans.  1858),  following  Von  Waltershausen,  by 
employing  the  apparent  convergence  of  thirteen  of  the  dykes  of  the 
Val  del  Bove  as  the  means  of  fixing  the  position  of  the  second  axis 
or  ancient  crater  which  he  assigns  to  Etna  at  Trifoglietto  within  the 
Val  del  Bove,  tacitly  assumes  that  the  clefts  in  which  these  dykes 
were  produced  were  so  formed  as  all  to  emanate  radially  from 
Trifoglietto  as  an  axis.  He  however  assigns  no  reason  why  this 
should  be  so ;  and  from  the  words  (page  760)  "  near  the  principal 
crater,  where  earthquakes  rend  the  mountain,  and  where  lava  is  ever 
ready  to  flow  into  rents,"  he  appears  to  be  of  opinion  that  the  clefts 
of  these  dykes  were  rent  open  by  earthquakes — admitting  which,  it  is 
difficult  to  conceive  why  they  should  pass  outwards  from  the 
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volcanic  axis  radially,  or  indeed  why  they  should  show  any  deter- 
minate directions  at  all  in  reference  to  that  axis.  It  seems,  there- 
fore, that  while  all  authors  have  tacitly  or  expressly  supposed  the 
radial  arrngement  of  volcanic  dykes,  none  have  made  the  attempt 
to  explain  the  mechanism  by  which  the  fissures  occupied  by  these 
dykes  have  been  produced,  or  appear  to  have  discerned  that  the  pro- 
duction of  a  fissure  and  its  filling  with  molten  matter  had  been 
simultaneous  and  due  to  the  same  cause,  viz.  the  hydrostatic  pres- 
sure of  the  liquid  lava  more  or  less  filling  the  crater.  A  right 
understanding  of  the  physical  conditions  of  this  mechanism  leads  to 
some  not  unimportant  conclusions. 

A  volcanic  cone  may  be  considered  simply  as  an  embankment 
surrounding  a  central  cavity  or  crater,  approaching  usually  in  plan 
more  or  less  to  a  circular  form,  an  irregular  cone  whose  base  is  the 
brim  of  the  crater.*  The  embankment  being  formed,  as  Lyell 
rightly  insisted,  merely  by  the  continued  projection  of  materials 
from  the  crater,  some  poured  forth  as  liquid  lava,  but  by  far  the 
larger  proportion  projected  as  dust,  lapilli,  and  stones,  must  be 
regarded  as  formed  by  loose  material  having  little  or  no  coherence. 
It  therefore  resists  the  tendency  to  being  burst  open  by  hydro- 
static pressure  of  lava  filling  up  the  crater,  merely  by  the  weight  or 
mass  of  incoherent  matter  forming  the  embankment,  the  general 
vertical  section  of  which  anywhere  round  the  axis  is  rudely  trian- 
gular, the  slope  of  the  interior  side  being  comparatively  steep  and 
constantly  changing,  while  that  of  the  exterior  at  the  upper  part  of 
the  cone  depends  in  a  great  degree  upon  the  angle  of  repose  of  the" 
loose  material  composing  it,  while  further  down,  by  the  degrading 
action  of  rain  and  other  erosive  causes,  the  angle  constantly  de- 
creases to  the  base,  where  the  mountain  rises  from  the  plain. 

A  straight  embankment,  like  one  of  those  constructed  of  earth  and 
clay  across  a  natural  valley  basin  for  the  purpose  of  impounding  water, 
and  having  usually  a  triangular  section,  very  much  like  that  which 
we  have  just  assigned,  the  inner  or  water-slope  being  usually  in  the 
ratio  of  3  horizontal  to  1  vertical,  while  the  outer  slope  is  generally 
rather  steeper  (exactly  the  reverse  of  the  case  of  the  volcanic 
embankment,  in  which  the  inner  slope  is  small  and  may  even  be 
evanescent,  while  the  outer  slope  varies  from  perhaps  25°  near  the 
top  through  an  average  of  about  18°  for  the  whole  slope,  becoming 
evanescent  at  the  bottom  or  plane),  resists  the  hydrostatic  pressure 
of  the  water  which  it  impounds  simply  by  its  mass,  which  is  too 
great  to  permit  its  being  caused  to  slide  upon  its  base  by  the  hori- 
zontal component  of  the  fluid  pressure ;  and  so  long  as  the  mass  of 
earth  and  clay  is  kept  free  from  the  percolation  or  leakage  of  water 
through  it,  its  resistance  is  almost  wholly  independent  of  cohesion  in 
the  material  of  the  bank,  and  wholly  so  as  regards  cohesion  in  the 
m  direction  of  its  length.  The  sides  of  a  volcanic  mountain  are  not 
straight,  but  form  an  embankment  approximately  circular  in  plan 
about  the  cavity  of  the  crater,  which  it  surrounds;  and  hence 
another  condition  of  its  resistance  to  fluid  pressure  within  the  crater 
comes  into  play.    The  radial  and  horizontal  pressure  of  the  fluid 
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within  a  ring-formed  embankment  whose  plan  is  a  dosed  curve,  is 
normal  to  the  embankment  at  any  point,  and  is  resolved  into  tan- 
gential forces  tending  to  pull  asunder  or  rupture  the  mass  transversely 
to  its  circumference,  as  well  as  to  push  every  part  of  it  outwards 
upon  its  base.  The  degree  of  cohesion  which  the  material  of  a 
circular  embankment  possesses  is  thus  an  important  element  of  its 
resistance  to  fluid  pressure  within  it ;  and  such  resistance  in  any 
circular  embankment  of  given  section,  material,  and  depth  of  cavity, 
or  of  fluid  pressure  within,  decreases  with  the  increase  of  the 
diameter  or  surface  of  the  cavity  within.  There  is,  in  fact,  a  close 
analogy  between  the  mechanical  conditions  of  resistance  of  a  circular 
embankment  and  those  which  resist  bursting  in  a  water-pipe,  the 
cylinder  of  an  hydraulic  press,  or  the  chase  of  a  cannon.  The 
resistance  in  these  depends  almost  wholly  on  cohesion  of  the  mate- 
rial ;  and  it  has  been  shown  by  mechanical  authors  that  in  a  thick 
tube,  such  as  a  cast-iron  smooth-bore  gun,  the  exterior  portions  of 
the  metal  are  greatly  less  strained  by  any  expansive  force  from 
within  than  are  the  interior  portions  next  the  cavity ;  and  as  soon 
as  the  pressure  within  that,  whether  liquid  or  gaseous  pressure, 
reaches  the  rapturing-point,  i .  e.  exceeds  the  cohesion  per  unit 
of  section  of  the  material  at  the  interior  surface,  the  thick 
hollow  cylinder  begins  to  burst  by  fissures  passing  outwards  from 
the  interior  surface,  extending  in  planes  radial  to  and  passing 
through  the  axis  of  the  gun  or  tube.  After  this  point  has  been 
reached,  no  increase  of  thickness  can  add  to  its  strength  or  prevent 
the  formation  of  such  fissures,  because,  as  is  obvious,  the  circum- 
ferential strains  at  any  distance  from  the  inner  surface  are  every- 
where propartional  to  the  normal  pressures  transmitted  to  the  same 
distance;  and  as  these  pressures  are  only  transmitted  to  any  exterior 
couohe  by  the  compression  already  sustained  by  those  interior  to  it, 
and  as,  in  accordance  with  Hook's  law,  the  resistance  in  all  cohesive 
bodies  is  proportional  to  the  rupturing  force  acting  upon  them,  so 
the  exterior  portions  of  the  gun  or  pipe  are  exposed  to  a  much 
smaller  strain  than  are  those  within,  and  the  strain  is  greatest  at 
the  interior  surface,  where,  as  has  been  said,  the  tube  first  com- 
mences to  burst. 

The  construction  of  modern  ordnance  in  ringed  structure,  or  in 
two  or  more  separate  tubes,  each  grasping  and  therefore  compressing 
those  within  it  with  a  certain  amount  of  initial  tension,  is  based 
upon  the  conditions  just  stated.  Were  the  cavity  of  a  volcanic 
crater  an  exact  form  of  revolution,  either  a  cylinder  or  a  cone,  and 
were  the  materials  composing  the  embankment  around  it  perfectly 
uniform,  and  the  mass  and  slope  such  that  the  resistance  was  every- 
where proportional  to  tlje  depth  of  liquid  lava  filling  it,  fissures,  if 
formed  by  the  liquid  pressure,  would  be  in  true  radial  and  vertical 
planes,  like  those  in  which  burst  cannon  are  found  to  divide ;  and 
this  would  be  so  whether  the  cohesive  resistance  of  the  material  of 
the  cone  were  great  or  small.  Like  fissures  would  take  place  if  the 
material  of  the  cone  or  circular  embankment  were  absolutely  devoid 
of  cohesion,  as  if  it  consisted  of  an  incoherent  mass  of  sand  or  earth ; 
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for  all  such  material  is  more  or  leas  compressible,  the  resistance  to 
compression  depending  upon  the  size,  form,  closenes,  and  mutual 
friction  of  the  particles  composing  it,  whether  small  or  great.  A 
circular  embankment  composed  of  such  compressible  but  incoherent 
material,  when  exposed  to  liquid  pressure  from  within,  suffers  a 
radial  compression  or  approximation  of  its  particles,  which  is  greatest 
at  the  interior  surface  and  becomes  less  and  less  as  we  approach  the 
exterior.  But  the  radial  or  normal  pressures  which  produce  this 
compression  or  packing  up  of  the  particles,  also  tend  by  resolution 
of  force,  as  has  been  already  explained,  to  separate  or  draw  off  the 
particles  one  from  another  in  the  circumferential  direction ;  and  this 
drawing  asunder  of  particles,  like  the  compression  radially,  will  be 
greatest  the  nearer  we  are  to  the  interior  surface.  In  other  words 
a  circular  embankment  such  as  we  have  imagined  that  of  a  perfectly 
regular  volcanic  cone  composed  of  compressible  though  perfectly 
incoherent  or  loose  material,  must  under  sufficient  liquid  pressure 
from  within  begin  to  give  way  by  the  formation  of  fissures  (unless, 
indeed,  the  interior  material  were  viscous  or  plastic  for  a  consider- 
able thickness,  the  exterior  still  being  compressible,  in  which  case 
the  interior  circumference  of  the  cone  would  enlarge  by  mere  change 
of  dimensions  without  any  fissures  being  formed)  commencing  at  the 
interior  surface  and  passing  outwards  into  the  mass  in  planes 
whose  directions  would  be  perfectly  radial  and  vertical  if  the 
material  were  perfectly  uniform  or  homogeneous ;  and  if  the  thick- 
ness of  the  embankment  be  sufficient  in  relation  to  the  pressure 
and  the  time  of  its  continuance,  the  fissures  may  never  reach  the 
outer  surface. 

The  hydrostatic  pressure  of  the  liquid  originates  the  fissure  into 
which  the  pressing  liquid  at  the  same  time  enters  and  fills  it  as  fast 
and  as  far  as  it  is  formed.  The  fissure  is  in  fact  the  inceptive  of 
bursting ;  and  if  the  liquid  pressure  and  its  continuance  be  sufficient 
the  fissure  might  be  prolonged  throughout  the  entire  thickness.  As 
in  nature,  however,  the  thickness  is  generally  enormous  in  propor- 
tion to  the  cavity  of  the  crater,  fissures  commenced  from  within  are 
seldom  found  to  reach  the  exterior  surface  of  a  volcanic  cone,  but 
generally  stop  short  within  its  mass,  partly  by  reason  of  the  cooling 
and  solidifying  of  the  molten  matter  forced  into  the  fissure. 

A  fissure  thus  produced  and  at  the  same  time  filled  with  molten 
matter  will  always  be  widest  where  nearest  the  crater ;  and  were  the 
material  of  the  cone  which  it  divides  perfectly  uniform,  the  general 
form  of  the  dyke  produced  would  tend  towards  that  of  a  wedge 
whose  outer  edge  would  be  bounded  by  a  curve,  the  nature  of  which 
would  depend  upon  the  vertical  extent  of  the  fissure,  and  the  liquid 
pressure  at  increasing  depths,  and,  in  nature,  of  course  upon  many 
other  conditions. 

The  material  composing  the  cone  of  a  volcano,  however,  is  far 
from  uniform.  Besides  the  material  of  various  sorts  and  various 
degrees  of  coherence,  usually  small,  there  are  intercalated  beds  of 
lava  of  various  ages,  thicknesses,  and  qualities,  all  sloping  more  or 
less  outwards  and  at  different  depths  dividing  like  shelves  the  mass 
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of  little-coherent  material  lying  between  them.  These  lava  bed* 
probably  seldom  if  ever  traverse  the  entire  circumference  of  the 
crater,  but  merely  snch  portion  of  it  as  represented  the  width  of  the 
overflow  or  lava  stream  at  its  brim.*  Were  snch  plates  or  shelves 
of  intercalated  lava  free  from  joints  and  unbroken,  they  would,  by 
their  cohesion,  offer  great  resistance  to  the  opening  of  any  fissure 
through  them ;  but  from  the  effects  of  their  cooling  after  outflow, 
and  from  the  immense  and  unequal  pressures  to  which  they  have 
been  subjected  by  the  superincumbent  mass  of  the  cone,  they  are  all, 
we  must  suppose  (as,  indeed,  observation  indicates),  greatly  broken. 
Still,  however,  such  intercalated  plates  of  lava  must  greatly  increase 
the  resistance  of  that  portion  of  the  crater-walls  in  which  they 
occur  to  becoming  fissured  in  the  way  described. 

From  all  these  causes,  and  the  concurrence  of  many  other  cir- 
cumstances which  will  readily  occur  to  those  familiar  with  the 
features  of  volcanic  mountains,  it  will  be  obvious  that  fissures  com- 
menced at  the  interior  and  propagated  into  the  mass  of  volcanic 
cones  can  seldom  be  uniformly  distributed  round  the  crater,  being 
chiefly  formed  at  the  weakest  places,  and  can  be  but  rarely  pro- 
duced in  perfectly  regular  vertical  planes  having  a  truly  radial 
direction  from  the  crater ;  and  the  disparity  from  such  normal  form 
or  direction,  which  must  always  exist  more  or  less,  will  become 
greater  with  the  increased  length  of  the  fissure  (that  is,  with  the 
distance  from  the  crater),  having  at  every  point  of  its  course  been 
forced  through  heterogeneous  material  and  such  as  may  have  its 
directions  of  easiest  division  in  very  different  directions  at  different 
points  of  the  path.  Thus,  for  example,  the  position  assigned  by 
Lyell  in  the  Val  del  Bove  to  the  ancient  crater  of  Trifoglietto  is  in 
a  right  line  more  than  a  mile  from  the  nearest  points  of  the  escarp- 
ment in  which  the  orientation  of  the  dykes  is  observable,  and  by 
the  convergence  of  which  the  position  of  Trifoglietto  was  fixed. 
Again,  assuming,  as  is  commonly  done,  that  the  axis  of  the  ancient 
Somma  was  the  same  in  position  as  that  of  the  present  Vesuvius, 
the  distance  of  that  point  from  which  the  dykes  of  Somma  are 
supposed  to  have  emanated  is  more  than  a  mile. 

In  traversing  such  a  distance  through  material  highly  irregular 
as  regards  hardness,  cohesion,  and  direction  of  easiest  fracture,  and 
remembering  that  all  these  may  vary  in  any  one  dyke  at  every  few 
fathoms  of  its  depth,  we  are  forced  to  conclude  that,  even  supposing 
the  fissures  to  have  commenced  perfectly  normally  at  the  respective 
craters  of  Somma  and  Etna,  they  can  scarcely  but  have  diverged 
largely  in  many  cases,  both  in  dip  and  strike,  and  in  different 
degrees  at  different  parts  of  their  height,  from  the  directions  in  which 
they  were  first  started. 

A  fissure,  for  example,  commencing  vertically  and,  let  us  suppose, 
in  a  direction  due  north  in  the  interior  of  the  ancient  crater  of 
Somma,  and  being  caused  by  the  diversity  as  to  material  through 
which  it  is  opened  to  diverge  gradually,  so  as  to  take  a  curved 
direction  towards  the  east  or  west,  must  have  its  orientation  changed 
to  an  extent  proportionate  to  the  distance  it  has  traversed  outwards ; 
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so  that  at  a  distance  of  a  mile  from  its  crater  origin,  the  orientation 
of  the  fragments,  as  well  as  the  dip  of  the  dyke  now  observable  in 
the  escarpment,  may  be  wide  away  from  those  at  the  point  whence 
it  is  supposed  to  have  started.  Further,  this  change  of  direction 
may  be  repeated  in  opposite  directions,  producing  planes  of  double 
curvature  such  as  were  actually  observed  by  Lyell  and  Hartung  in  a 
dyke  in  Madeira,  and  as  observed  by  me  in  some  of  the  twisted 
dykes  of  Somma. 

Without  disputing  the  fact  that  the  horizontal  coincidence  at  or 
near  a  single  point  of  the  apparent  orientation  of  a  considerable 
number  of  the  fragments  of  dykes  observed  only  at  considerable 
distances,  may  afford  a  presumptive  probability,  greater  or  less,  in 
proportion  to  the  greater  number  of  the  coincidences  and  to  the 
generally  straight  and  unahattered  character  of  the  fragments  of  the 
dykes  observable,  I  must  yet  come  to  the  conclusion  from  what  has 
preceded  that  the  concurrence  or  intersection  at  a  single  point  of 
the  apparent  orientation  of  dykes  is  too  unsafe  a  guide  to  warrant 
our  fixing  the  position  of  an  ancient  crater  upon  such  a  basis  alone, 
and  that  such  a  mode  of  determining  crater-position,  though  it  may 
attain  to  probability,  can  never  amount  to  certainty. 

In  stating  this  conclusion  I  wish  not  to  be  misunderstood  as 
casting  any  doubt  upon  Sir  C.  Lyell's  views  expressed  in  his  paper 
to  which  I  have  already  referred,  as  to  the  ancient  existence  and 
position  of  a  second  crater  to  Etna.  The  evidence  which  he  has 
adduced  as  to  such  a  crater  at  Trifoglietto  does  not  rest  alone  upon 
the  convergence  there  of  the  greenstone  dykes  observed  by  Yon 
Waltershausen  and  himself,  but  is  also  sustained  by  the  synclinal 
position,  as  adduced  by  him,  of  the  lava  and  conglomerate  beds 
towards  some  fine  between  the  existing  crater  of  Etna  and  that 
concluded  to  have  existed  at  Trifoglietto ;  and  to  this  evidence  as 
supporting  the  former  existence  of  a  second  crater  there  is  no  objec- 
tion to  offer.  At  the  same  time  I  must  remark  that  the  position 
of  the  lowermost  beds  of  any  volcano  upon  the  vast  scale  of  Etna 
must  have  greatly  changed  in  the  course  of  ages  by  the  depression 
beneath  the  central  parts  produced  by  the  enormous  superincumbent 
weight,  which  is  constantly  being  added  to,  of  the  cone  itself,  and 
from  the  erosion  constantly  proceeding  irregularly  under  the  base 
of  the  mountain. 

If  Etna,  after  having  broken  through  the  Tertiary  strata,  de- 
posited its  materials  on  a  nearly  level  surface,  that,  as  the  mass  of 
the  mountain  has  been  heaped  up  through  long  ages,  must  from  the 
causes  mentioned  have  become  depressed  towards  the  central  parts 
into  a  shallow  saucer-shaped  dish ;  so  that  the  lowermost  beds  with 
the  non-volcanic  strata  upon  them,  could  we  now  see  them,  might 
be  found  to  dip  more  or  less  from  the  circumference  of  the  moun- 
tain downwards  towards  its  axis,  the  same  phenomena  here  oc- 
curring upon  a  colossal  scale  that  are  well  known  to  happen  when 
heavy  earthen  embankments  are  formed  over  even  very  firm  soil, 
which  is  depressed  beneath  the  weight,  and  sometimes  more  or  less 
raised  at  considerable  distances  from  that,  but  often  not  sensibly 


Digitized  by  VjOOQ IC 


484  B.  MALL1T  OK  THS  MECHANISM  OF 

raised  at  all.  These  views,  however,  tend  rather  to  strengthen 
Ly  ell's  inferences  from  the  contrary  dip  of  the  Etnean  beds  observed 
by  him. 

Lyell,  desirous  of  doing  fall  justice  to  the  views  of  M.  fiie  de 
Beaumont,  admits  that  the  intrusion  of  volcanic  dykes  may  increase 
the  slope  of  volcanic  mountains.  It  appears  to  me,  however,  that 
the  possible  increase  of  slope  thus  conceived  to  be  producible  has 
been  much  overestimated,  the  following  conditions  being  taken 
into  account : — 

1.  The  united  or  total  thickness  of  all  the  dykes  in  the  escarp- 
ment of  Somma,  as  examined  by  me,  was  a  little  under  150  feet ; 
and  that  is  the  thickness  of  the  intruded  matter  in  the  amphitheatre 
of  2  miles  round  the  curve,  which,  regarded  as  circular,  has  a  mean 
radius  from  the  axis  of  Vesuvius  of  about  a  mile.  If  we  even 
double  this  thickness  of  intrusive  matter  in  order  to  allow  for  that 
of  unobserved  broken  up  or  obliterated  dykes,  intermixed  with  those 
surveyed,  and  bear  in  mind  that  the  north  slope  of  Somma  at  the 
level  of  the  Atrio  averages  about  25°,  it  can  be  easily  seen  that  the 
increase  of  inclination,  taking  the  entire  original  slope  of  Somma 
from  the  summit  to  the  plain  at  about  three  miles,  would  prove 
very  insignificant  and  might  be  estimated  as  still  less  in  reference 
to  die  much  larger  features  ef  Etna. 

2.  Although  intrusive  dykes  may  occur  at  all  altitudes,  they  pre- 
ponderate in  numbers  and  in  thickness  about  a  zone  extending 
hypsometrically  to  a  height  very  far  short  of  that  of  the  entire 
mountain,  few  or  none  probably  reaching  any  considerable  depth 
below  the  base,  where  the  horizontal  resistance  to  the  fissuring  pres- 
sure is  enormous,  and  but  seldom  reaching  a  height  greater  than 
about  two  thirds  the  entire  height  of  the  mountain,  because  the 
filling  of  the  crater  with  liquid  lava  high  above  this  level  is  pro- 
bably not  very  common.  Hence  the  effect  of  such  intruded  dykes 
must  rather  be  to  produce  gibbosity  or  some  local  increase  of  slope 
about  the  middle  zone  of  volcanic  mountains  than  any  general  in- 
crease in  the  inclination  of  the  sides. 

3.  As  these  dykes  are  not  produced  at  one  time  or  radially  all 
round  the  circumference,  but  singly  or  a  few  at  a  time,  and  spora- 
dically distributed  where  the  weakest  parts  at  different  times  permit, 
so  it  seems  difficult  to  assume  any  noticeable  increase  of  general 
slope  or  of  inclination  of  the  internal  beds  as  arising  from  this 
cause. 

The  length  of  this  paper  forbids  my  entering  at  all  upon  the 

mechanism  by  which  so  many  of  the  parasitic  dust  cones  existing 

upon  Etna,  of  which  Monte  Rosso  may  be  regarded  as  a  type, 

and  found  also  in  the  numerous  "Puys"  of  Auvergne,  have  been 

opened  at  one  side  and  become  horseshoe-shaped.     This  has  been 

commonly  attributed  by  authors  to  their  having  been  burst  by  the 

hydrostatic  pressure  of  lava,  filling  more  or  less  completely  these 

teep  cones  of  almost  completely  incoherent  material;  and  the 

^eams  of  lava  still  observable  in  some  of  them  at  the  opened 

e  have  been  appealed  to  in  proof  of  this,  though  the  greater 
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numbor  of  these  opened  cones  show  no  trace  of  ever  having  con- 
tained lava.  The  true^  nature  of  the  mechanism  by  which  they  have 
been  opened  may,  I  believe,  be  inferred  from  the  preceding  pages. 
The  opening  has  been  effected  not  by  bursting  but  by  the  under- 
mining of  one  part  of  the  base  of  the  crater- wall,  either  by  a  small 
outburst  of  lava  beneath  or,  in  the  case  of  those  opened  oones  which 
present  no  trace  of  lava,  by  the  erosive  leakage  of  rainwater  filling 
to  some  depth  the  cavity  of  the  crater.  Although  these  hollow  dust 
heaps  are  porous,  the  bottoms  are  more  or  less  stanched  to  rain  by  a 
sort  of  natural  puddling  with  very  fine  material  washed  down  from 
their  inner  sides,  in  the  same  way  as  certain  portions  of  the  Atrio 
del  Cavallo  have  been  made  watertight  and  contain  ponds  of  water 
in  the  winter  time. 
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63.  On  the  British  Fossil  CRBTACBOxre  Birds.  By  Harry  Gotub 
Skelet,  Esq.,  F.L.S.,  F.G.8.,  Professor  of  Geography  in  King's 
College,  London.     (Read  June  7, 1876.) 

[Platbs  XXVL,  iLAVii.] 

History. 

The  oldest  remains  of  British  fossil  birds  are  recorded  by  Sir  Charles 
Lyell  as  having  been  first  found  in  1858,  in  the  Cambridge  Upper 
Greensand  *.  This  stratum  still  continues  the  only  member  of  the 
British  Secondary  deposits  in  which  the  bones  of  birds  have  been 
identified  by  morphological  characters ;  for  though  the  Rev.  Mr. 
Dennis  had  previously  asserted  the  occurrence  of  birds  in  the 
Stonesfield  Slate  t,  on  the  evidence  of  the  microscopic  structure  of 
osseous  tissue,  it  is  safer,  in  the  absence  of  recognizable  bones,  to 
believe  that  the  ornithic  structure  he  detected  was  found  in  an 
ornithosaurian  rather  than  in  a  true  bird.  The  discovery  of  bird- 
bones  in  the  Cambridge  Greensand  was  made  by  Mr.  Lucas  Barrett, 
F.G.S.,  then  Assistant  Naturalist  to  the  late  Professor  Sedgwick  in 
the  Woodwardian  Museum  of  the  University  of  Cambridge ;  but  I 
am  not  aware  that  Mr.  Barrett  ever  published  any  account  of  his 
discovery.  The  bones  are  mentioned  by  Lyell  as  "  the  remains  of  a 
bird  which  was  rather  larger  than  the  common  Pigeon,  and  probably 
of  the  order  Natatores,  and  which,  like  most  of  the  Gull  tribe,  had 
well-developed  wings.  Portions  of  the  metacarpus,  metatarsus,  tibia, 
and  femur  have  been  detected ;  and  the  determinations  of  Mr.  Barrett 
have  been  confirmed  by  Professor  Owen."  What  became  of  Mr.  Bar- 
rett's specimens  I  was  never  able  to  find  out.  They  were  not  in  the 
Woodwardian  Museum  when  I  succeeded  to  Mr.  Barrett's  duties  in 
1859 ;  and  the  whole  of  the  remains  to  which  I  shall  have  to  refer 
were  collected  subsequent  to  that  date.  Professor  Owen,  in  his 
*  Palaeontology,'  remarks  £ : — "  One  of  the  evidences  of  birds  from  the 
Cambridge  Greensand,  transmitted  to  the  writer  by  their  discoverer, 
Mr.  Barrett,  is  the  lower  half  of  the  trifid  metatarsal,  showing  the 
outer  toe-joint  much  higher  than  the  other  two,  and  projecting 
backwards  above  the  middle  joint ;  it  indicates  a  bird  about  the  size 
of  a  Woodcock." 

In  the  4  Annals  Nat.  Hist.'  for  August  1866  I  mentioned,  in  a 
Note  on  new  Genera  of  fossil  Birds,  that  I  had  collected  or  seen  from 
the  Cambridge  Greensand  cervical,  caudal,  and  dorsal  vertebrae, 
prozunal  and  distal  ends  of  the  tarsometatarsus,  proximal  ends  of 
tibiae,  proximal  and  distal  ends  of  femora,  humeri,  metacarpal  bones, 
<fec.,  and  suggested  that  the  typical  species  should  be  called  Pda- 
gornis  Barretti.  In  my  '  Index  to  Aves,  Ornithosauria,  and  Reptilia,' 

*  Supplement,  Elements  of  Geology,  1859,  p.  40. 
t  Quart  Journ.  Micr.  Soi.  vol.  v.  (1857)  p.  63. 
J  Second  edition,  1861,  p.  327. 
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&c.,  1869,  I  abandoned  the  generic  name  Pdagornis  (which  had 
Y>een  preoccupied  by  Lartet)  for  Enaliornis,  and  recognized  a  second 
species.     In  that  catalogue  forty-seven  fragments  of  bird-bones 
are  enumerated  and  briefly  described.     In  1870,  in  "  Remarks  on 
J>imorpJiodon"*,  I  drew  attention  to  the  fact  (afterwards  confirmed 
in  American  specimens  by  Prof.  Marsh)  that  some  dorsal  vertebrae 
of  Cretaceous  birds  have  flat  or  slightly  concave  articular  ends ;  and 
in  other  writings  1 1  considered  the  affinities  of  the  birds  to  be  with  Co- 
lymbus  %  and  the  Penguins.   Most  of  the  Upper-Greensand  bones  were 
found  in  the  neighbourhood  of  Coldham  Common  near  Cambridge,  or 
at  Granchester.   When  I  was  residing  at  Cambridge,  and  endeavoured 
to  add  to  the  University  collection  every  portion  of  the  bird's  skeleton 
which  came  under  my  notice,  I  was  never  so  fortunate  as  to  secure 
a  perfect  long  bone ;  and  the  only  specimen  which  I  have  seen  with 
the  shaft  unbroken  is  a  femur  in  the  collection  of  Mr.  Jeeson,  F.G.S. 
Many  of  the  fragments  are  worn ;  but  most  are  broken  without  being 
much  abraded.     And  it  is  quite  possible  that  the  specimens  may 
have  been  more  perfect  in  the  deposit  than  the  state  in  which  they 
are  collected  would  imply ;  but  allowance,  in  judging  of  this,  must 
be  made  for  the  accidents  of  fossilization,  and  the  carelessness  and 
ignorance  of  the  phosphatite  diggers,  whose  interest  in  these  remains 
is  usually  too  small  to  ensure  the  preservation  of  inconspicuous  bones 
which  are  only  met  with  at  long  intervals  of  time ;  and  thus  por- 
tions of  one  skeleton,  or  even  of  one  bone,  sometimes  get  distributed 
to  several  collectors.     In  the  remains  of  other  animals  I  have  seen 
several  cases  in  which  the  fragments  of  fractured  shafts  of  bones 
have  lain  in  juxtaposition  in  the  deposit,  and  oysters  have  grown  on 
the  fractured  surfaces — showing,  I  think,  that  though  the  nodules 
may  have  been  formed  and  mineralized  in  shallow  water,  they  were 
rolled,  with  such  of  the  bones  as  are  unassociated,  into  a  somewhat 
tranquil  depth  of  sea  before  they  were  covered  up  by  the  Upper 
Greensand  sediment. 

There  is  no  evidence  of  more  than  one  bird-bone  being  found  at  a 
time ;  so  that  every  fragment  of  bone  may  have  belonged  to  a  sepa- 
rate individual  bird. 

The  Skull    (PI.  XXVI.  figs.  1-4.) 

A  suspicion  often  occurred  to  me  that  the  hinder  part  of  the  cra- 
nium (drawn  in  pi.  11.  figs.  3-6  of  my  book  on  the  Ornithosauria) 
might  perhaps  be  the  skull  of  a  bird.  In  describing  it  seven  years 
ago  as  Ornithosaurian  I  was  influenced  chiefly  by  probabilities  and 
considerations  such  as  these : — The  specimen  closely  resembles  the 
back  part  of  the  cranium  in  several  Pterodactyles  from  Solenhofen ; 
tis  Avian  characters  are  in  harmony  with  the  characters  of  other 

•  Annak  Nat.  Hist.,  Aug.  1870,  p.  129.  t  Ibid.  Nov.  1871,  p.  305. 

X  May  2,  1864,  I  communicated  a  note  to  the  Cambridge  Philosophical 
Society  "  On  the  Fossil  Birds  of  the  Upper  Greensand  (PakBOCofymbuM  Barrettt 
and  Pelagornis  Sedgwicki)"  but  nothing  beyond  the  title  of  the  paper  was 
printed. 

2m2 
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parts  of  the  skeleton  of  Ornithocheiru*  from  the  Cambridge  Greco- 
sand,  and  it  closely  resembles  the- specimen  figured  on  pL  11.  figs.  1 
&  2,  the  Ornithosaurian  nature  of  which  I  see  no  reason  to  doubt ; 
while  it  seemed  improbable  that  so  many  specimens  (as  were  known 
to  me)  of  birds'  skulls  should  have  been  found,  and  so  few  of  Ptero- 
dactyles — the  bones  of  birds  being  so  rare,  and  those  of  Ornithosann, 
especially  jaws,  being  relatively  abundant.  Confessedly  it  is  ex- 
tremely difficult,  if  not  impossible,  to  distinguish  the  hinder  part  of 
the  cranium  in  some  Natatorial  birds  from  the  corresponding  region 
in  some  Ornithosaurs  merely  by  the  form  of  the  head,  the  arrange- 
ment of  its  regions,  or  the  proportions  of  its  several  osseous  elements. 
When  first  describing  the  specimen  referred  to,  I  pointed  out*  th€ 
difficulties  in  the  way  of  distinguishing  the  fossil  from  the  cranium 
of  a  bird.  The  withdrawal  of  the  specimen  from  the  Ornithosaurian 
list  would  leave  the  question  of  the  Avian  nature  of  Ornithosaurs 
unaffected,  as  in  most  respects  some  of  the  admitted  crania  of  Ptero- 
dactyles  are  almost  as  bird-like  as  this  specimen. 

I  propose  now  to  regard  the  skull  as  that  of  a  true  bird : — first, 
because,  on  careful  reconsideration,  I  find  no  characters  by  which  it 
can  claim  more  than  a  generic  distinction  from  living  birds ;  secondly, 
it  is  more  like  a  bird's  skull  than  is  the  skull  of  any  British  Ptero- 
dactyle  ;  thirdly,  the  cranial  bones  are  comparatively  thin  and  dense, 
instead  of  having  the  cellular  structure  characteristic  of  Ornithosaurs 
from  the  Cambridge  Greensand,  and  in  this  character  the  skull  agrees 
with  the  other  portions  of  the  birds  skeleton.  It  is  about  the  size 
of  the  Red-throated  Diver's  cranium,  and,  in  common  with  all  the 
other  bird-bones  found,  presents  a  marked  resemblance  to  that  Avian 
type. 

I  have  already  described  elsewhere  t  the  essential  features  of  this 
specimen,  and  now  offer  a  few  measurements  of  its  several  regions, 
which  were  then  omitted. 

Transverse  measurement  over  the  lateral  processes  which  form 
the  articulation  for  the  quadrate  bones,  1|  inch. 

Transverse  measurement  of  the  constricted  squamosal  region  of 
the  skull  just  in  advance  of  the  preceding  measurement,  £  inch. 

Transverse  measurement  of  anterior  termination  of  the  squamosal 
region  -}$  inch. 

The  parietal  region  rapidly  rises  as  it  extends  forward  from  the 
occiput. 

The  parietal  bones,  which  met  in  the  median  line  in  a  slight 
ridge,  are  oblong,  -^  inch  long,  though,  owing  to  the  anterior  mar- 
gin being  concave,  each  becomes  much  wider  (A  inch)  where  the 
parietal  joins  the  squamosal  bone  in  a  nearly  straight  suture,  A  inch 
below  the  median  cranial  crest.  There  is  a  bend  in  the  uppeY  third 
wJh^"6!  b°ne;  .the  ■"P61**  P°rtion  ^ks  upward  and  out- 
Sarlr ^r^1?1011  is  more  inflated  than  in  ^  K™,  out  is 
The narietrf  7^  *  litUe  to  meet  the  expanded  frontal, 
ine  panetal  bone  (A  mch  thick)  had  a  smooth  union  with  the 

T  0rmth<*auna,  p.  80,  pL  11.  figs.  3-6. 
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frontal,  which  it  obliquely  overlapped.  The  parietal  appears  to 
have  been  prolonged  further  forward  in  the  line  of  the  median  crest 
than  is  evidenced  by  the  preservation  of  the  bones.  The  bones  are 
transversely  arched. 

The  squamosal  bone  differs  from  that  element  in  the  Divers,  Cor- 
morants, and  Grebes  (which  in  general  form  of  cranium  approximate 
to  the  fossil)  in  being  folded  so  as  to  form  a  narrow  inferior  surface 
more  than  £  inch  wide  and  about  Jj-  inchlong,  and  a  superior  tri- 
angular, somewhat  V-shaped  area  rally  |  inch  deep  and  as  wide. 
In  this  folded  character  there  is  some  approximation  to  the  condition 
of  the  squamosal  bone  in  the  Goose  tribe. 

The  occipital  crest  seems  to  have  been  well  elevated.  It  is  sinuous 
and  curves  forward  laterally,  as  in  the  Diver,  but  is  more  elevated 
inferiorly  than  in  that  type,  and  has  the  articulation  for  the  qua- 
drate bone  placed  entirely  behind  it,  which  is  not  the  case  in  the 
Diver.  The  occipital  aspect  of  the  fossil  is  wonderfully  like  that  of 
Colymbus,  and  differs  chiefly  in  the  fossil  being  somewhat  broader, 
owing  to  the  two  sides  of  the  occipital  crest  making  a  greater  angle 
with  each  other.  The  basioccipital  articular  condyle  in  the  fossil  is 
probably  removed  by  fracture.  The  Diver  has  the  bone  in  front  of 
the  condyle  vertically  compressed ;  but  in  the  fossil  the  basioccipital 
was  compressed  even  more,  since  the  fracture  has  left  but  a  narrow 
rim  to  the  base  of  the  foramen  magnum.  The  foramen  magnum  is 
verticaDy  ovate,  and  relatively  rather  larger  than  in  the  Diver ;  it 
is  4  inch  high,  and  ^  inch  broad ;  its  upper  border  considerably 
overhangs  the  base. 

The  tympanic  area  is  large,  internal  to  the  articulation  for  the 
quadrate  bone,  and  is  best  exposed  in  lateral  view.  It  is  limited 
by  four  irregular  sides,  and  has  an  irregular  surface  in  which  are 
several  perforations.  The  basitemporal  bones,  which  are  missing, 
were  shaped  as  in  birds.  The  remarkable  short- triangular  form  of  the 
base  of  the  sphenoid  may  result  from  abrasion.  It  is  broader  than 
in  water-birds,  but  is  essentially  a  modification  of  the  sphenoid  of 
the  Diver.  As  preserved,  it  is  |  inch  long  and  -A-  inch  wide  at  the 
base.     This  specimen  I  regard  as  the  skull  of  Encuiornis  Barretti. 

Another  specimen,  in  the  collection  of  Mr.  Heed,  at  York,  probably 
belongs  to  another  species. 

A  fragment  which  I  regarded  in  1871  as  a  premaxillary  of  a 
Toothless  Pterodactyle  has  perhaps  an  equally  good  claim  to  be  con- 
sidered a  portion  of  a  premaxillary  bone  of  a  bird.  It  has  already 
been  figured  by  Prof.  Owen  as  the  proximal  end  of  the  metacarpal 
of  the  wing-finger  of  an  Ornithosaur #.  I  have  suggested  for 
it  (Ann.  Nat.  Hist.  January  1871,  p.  35)  the  name  Ornithostoma ; 
for,  if  a  bird-bone,  it  has  nothing  in  common  with  Enaliornis ;  and  if 
an  Ornithosaur,  the  name  will  be  appropriate.  It  has  the  base  flattened, 
concave  from  side  to  side,  marked  with  blood-vessels,  and  terminating 
laterally  in  well-defined  ridges  gently  rounded,  which  are  concave 
in  outline  from  front  to  back,  so  as  to  make  the  back  widerthan  the 
front.  If  the  specimen  should  hereafter  prove  to  be  a  jaw,  this 
«  Pal.  Soc.  1859,  pi.  4.  fige.  4  5. 
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would  be  the  palatal  surface.  It  is  2|  inches  long,  }  inch  wide  in 
front,  and  1^  inch  wide  behind.  The  sides  are  smooth,  finely 
wrinkled,  concave  in  length,  convex  from  above  downward,  with 
small  oblique  vascular  foramina  near  the  border,  which  may  be 
alveolar ;  there  are  also  foramina  on  the  middle  .of  the  side.  Supe- 
riorly the  sides  converge  in  a  rounded  ridge.  It  is  ^  inch  deep  in 
front,  and  1|  inch  deep  behind.  The  great  difficulty  in  the  way  of 
regarding  it  as  an  Avian  premaxillary  is  that,  although  it  widens 
behind  somewhat  rapidly,  it  shows  no  indication  of  a  nasal  groove 
or  cavity,  though  the  Diver  has  no  lateral  groove  on  the  beak.  And 
the  recent  discovery  of  Toothless  Pterodactyles  by  Prof.  Marsh  in 
the  Cretaceous  beds  of  America  lends  some  support  to  my  original 
determination  of  the  bone  as  Ornithosaurian. 

I  would  suggest  that  since  the  birds  from  the  American  Greensand 
having  teeth- in  their  jaws  show  affinities  with  Colymbus,  it  is  pro- 
bable that  Enaliornis,  which  has  vertebrae  resembling  those  of 
Ichthyornis  in  biconcave  character,  may  also  have  had  teeth  in  its 
jaws. 

The  Vertebral  Column. 

Cervical  vertebra  have  rarely  been  found.  Some  twelve  years  ago 
I  detected  what  seemed  to  be  a  lower  cervical  in  the  collection  of 
W.  Reed,  Esq.,  F.G.S.,  but  have  not  noticed  any  other  specimens. 
The  vertebrae  most  commonly  found,  and  best  known,  are  dorsal 
One  in  Mr.  Reed's  collection  has  the  visceral  surface  of  the  centrum 
terminated  by  a  sharp  ridge,  while  all  the  other  specimens  (including 
four  in  the  Woodwardian  Museum)  have  this  surface  convex.  Mr. 
Reed's  two  vertebrae  probably  belong  to  the  two  species  of  birds  to 
which  I  refer  the  bulk  of  the  remains,  though  this  could  only  be  defi- 
nitively determined  by  a  careful  study  of  the  somewhat  abraded  fossils. 
Of  the  sacrum,  the  Woodwardian  Museum  has  three  important  speci- 
mens demonstrating  the  essential  points  of  structure ;  another  frag- 
ment of  the  postfemoral  part  of  a  sacrum  has  been  obtained  by  James 
Carter,  Esq.,  of  Cambridge.  These  specimens  are  all  from  the  an- 
torior  and  middle  regions  of  the  sacrum,  and  are  such  as  might  all 
belong  to  one  genus.  The  Woodwardian  Museum  also  contains  two 
other  vertebrae,  apparently  procoelous,  which  I  am  disposed  to  re- 
gard as  bird-bones,  and  refer  to  the  tail.  As  they  have  no  trans- 
verse processes,  they  are  probably  elements  which,  in  existing  birds, 
are  united  in  the  ploughshare  bone. 

Lower  Cervical  Vertebra.     (PI.  XXVI.  figs.  5,  6.) 

The  centrum  measures  £  inch  in  width  over  the  anterior  tygapo- 
physes  ;  the  length  of  the  centrum  is  ^  of  an  inch ;  the  width  of 
the  centrum  in  front  is  nearly  A  inch,  where  the  anterior  articu- 
lation is  concave  from  side  to  side,  convex  from  above  downward; 
it  is  mote  than  A-  inch  deep ;  and  at  its  base  a  short  tubercle  is 
developed.  The  base  is  concave,  long,  narrow,  flattened,  and  con- 
cave from  side  to  side.     It  is  margined  by  sharp  concave  borders. 
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The  lateral  areas  are  concave ;  the  posterior  articulation  is  slightly 
concave  in  depth,  and  more  convex  in  breadth :  it  is  nearly  square, 
but  broader  above  than  below.  The  neurapophyses  rise  obliquely 
from  above  the  upper  part  of  the  centrum  behind,  widening  supe- 
riorly to  above  the  neural  canal  in  front.  The  depth  in  front  of  the 
centrum  and  neural  arch  is  more  than  |  inch.  The  upper  surface 
is  obscured,  and. the  neural  spine  is  not  preserved ;  it  does  not  rise 
from  quite  the  front  of  the  arch,  which  is  nearly  horizontal  above. 
The  facets  for  the  zygapophyses  look  upward  and  inward. 

This  specimen,  in  the  collection  of  W.  Reed,  Esq.,  is  not  unlikely 
to  belong  to  Enaliornis  Barreiti. 

Dorsal  Vertebra.     (PI.  XXVI.  figs.  7-13.) 

The  four  dorsal  vertebraa  in  the  Woodwardian  Museum,  like  all 
the  other  specimens  which  have  come  under  my  notice,  except  Mr. 
Reed's,  agree  in  their  characters,  though  they  differ  a  little  in  size. 
They  are  small  in  proportion  to  the  size  of  the  head,  and  show  no 
resemblance  to  any  vertebrae  of  the  Diver.  Two  of  the  centrums 
of  Enaliornis  Sedgwichi  (fig.  12a)  display  to  some  extent  indications  of 
the  peculiar  Ichthyoid  biconcave  articular  condition  already  referred 
to  ;  but,  as  it  is  wanting  from  the  largest  specimen,  it  is  possible 
that  the  smaller  specimens  though  adult  are  imperfectly  ossified ; 
many  natatorial  birds  have  the  lower  dorsal  centrums  nearly  flat, 
while  very  young  birds  have  a  small  central  notochordal  depression 
on  the  articular  face.  The  centrums  are  much  less  compressed  from 
aide  to  side  than  is  usual  in  the  dorsal  vertebne  of  water-birds. 

The  largest  specimen,  Enaliornis  Barretti,  has  the  centrum  rather 
more  than  f  inch  long,  expanded  at  both  articular  ends,  somewhat 
flattened  at  the  base  and  at  the  sides,  which  round  into  each  other 
(fig.  9),  and  are  each  concave  from  back  to  front.  The  anterior  ar- 
ticulation (fig.  11a)  is  |  inch  broad  and  |  inch  deep.  It  is  re- 
markable for  having  the  sides  of  the  centrum  prolonged  forward  for 
a  considerable  distance,  so  that  the  surface  is  markedly  concave  from 
side  to  side,  while  vertically  the  convexity,  if  it  exists,  is  so  slight 
as  to  be  scarcely  detected.  Posteriorly  the  articulation  (fig.  106)  is 
necessarily  narrower ;  it  is  more  than  |  inch  wide  and  less  than  * 
I  inch  deep.  It  is  convex  from  side  to  side,  flat  from  above  down- 
ward, with  a  central  concavity,  is  subquadrate,  emarginate  in  the 
upper  part  of  the  side,  with  a  slight  impression  dividing  the  basal 
margin.  Laterally  (fig.  7  c),  at  the  side  of  the  anterior  border  of 
the  neural  arch  is  an  oblique  oval  facet  slightly  elevated,  £  inch 
long  and  concave,  which  has  exactly  the  form  and  position  of  the 
diapophysis  in  the  vertebras  of  existing  birds  like  the  Gannet.  The 
whole  eentrum  closely  resembles  that  of  the  Solan  Goose,  differing 
chiefly  in  being  much  more  depressed,  and  not  much  more  than  half 
the  size.  The  form  of  the  neural  arch,  however,  much  more 
closely  resembles  that  of  Colymbus.  A  narrow,  compressed,  hori- 
zontal, transverse  platform  is  given  off  (fig.  8  d).  It  is  emarginate 
anteriorly  arid  posteriorly,  and  directed  outward  and  somewhat  back- 
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ward ;  it  is  imperfectly  preserved.  Small  zygapophyaial  facet*  (fig.  &g) 
are  preserved  or  indicated  both  in  front  and  behind.  The  neural 
spine  (fig.  81),  as  preserved,  is  thicker  posteriorly  than  in  front, 
does  not  extend  quite  to  the  anterior  border  of  the  neural  canal, 
and  posteriorly  is  cleft  vertically.  Specimens  of  Enalionu*  Stdgwiehi 
(fig.  13)  show  the  centrum  to  be  considerably  impressed  laterally 
below  the  transverse  process*,  and  that  the  neural  canal  is  mud 
wider  than  high  ;  the  neural  spine  is  directed  somewhat  backward. 
The  shortest  centrum  is  more  than  £  inch  long.  The  amount  of  the 
concavity  of  the  centrum  varies. 

The  Sacrum.     (PI.  XXVI.  figs.  14-19.) 

There  are  three  fragments  of  the  sacrum  in  the  Woodwardian 
Museum,  and  a  fourth  (from  the  posterior  part  of  the  sacrum)  in  the 
collection  of  James  Carter,  Esq.,  M.R.C.S.  The  Woodwardian  spe- 
cimens appear  all  to  belong  to  the  same  genus,  are  in  sequence  to 
each  other,  and  show  the  sacrum  to  have  been  constructed  exactly 
after  the  water-bird  pattern.  The  vertebrae,  however,  are  more 
elongated,  so  that  the  sacrum  is  much  longer  in  its  several  regions 
than  are  the  corresponding  parts  of  the  sacrum  of  the  Diver.  The 
first  fragment  (fig.  1 4)  comprises  the  first,  second,  and  part  of  the  third 
sacral  vertebrae  anchylosed,  with  the  elevated  margins  of  the  eon- 
fluent  centrums  unusually  well  marked  on  the  basal  border.  Hie 
first  centrum  is  depressed,  with  the  articular  surface  flattened  in 
front,  as  in  the  Gulls  and  the  Gannet,  and  somewhat  concave  cen- 
trally. The  anterior  articulation  is  nearly  &  inch  broad.  The 
centrums  increase  a  little  in  length  from  before  backwards;  the 
first  is  about  -fa  inch  long,  with  a  depressed  form  of  centrum,  broad 
and  convex  from  side  to  6ide,  and  slightly  concave  from  back  to 
front.  I  am  unable  to  detect  any  indication  of  the  diapophysial 
articulation  on  the  anterior  border  of  this  centrum  usually  to  be 
seen  in  existing  birds.  A  narrow  transverse  process,  £  inch  wide,  is 
given  off  from  the  anterior  part  of  the  side  of  the  centrum  and 
directed  outward  and  somewhat  upward  ;  its  outline  is  emarginate 
both  anteriorly  and  posteriorly.  In  the  succeeding  vertebrae  the 
'  centrums  become  a  little  deeper,  and  rapidly  more  compressed  from 
side  to  side,  the  third  having  the  sides  flattened,  and  base  forming  a 
narrow  rounded  ridge.  The  third  vertebra  shows  the  transverse 
processes,  which,  thick  and  strong,  appear  to  have  formed  horizontal 
neural  tables,  the  bases  of  which,  as  preserved,  have  a  transverse 
measurement  of  £  inch.  From  the  neural  platform  to  the  base 
of  the  centrum  is  more  than  f  inch.  No  indication  of  the  neural 
spine  is  preserved. 

The  second  specimen  (figs.  15, 16),  from  the  middle  of  the  sacrum, 
is  in  a  pale  state  of  mineralization,  and' more  free  from  matrix.  It 
was  collected  by  M.  E.  Pry  or,  Esq.,  late  Fellow  of  Trinity  College.    It 

*  The  impression  is  never  as  deep  as  in  Gulls,  or  eTen  as  in  the  Wee  Id  en 
fossil  Ornittopsis,  a  genus  so  named  from  the  resemblance  of  its  centrum  to 
that  of  certain  Gulls. 
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comprises  portions  of  three  vertebrae— one  entire  in  the  middle,  and  a 
fractured  vertebra  at  each  end.  In  general  form  the  vertebrae  rather 
recall  the  middle  sacral  region  of  Penguins.  The  centrum  is  rather 
more  than  f  inch  long,  while  the  least  width  at  the  intervertebral  fora- 
men is  j>s  inch.  The  sides,  concave  in  length,  are  compressed  so  as  to 
converge  inferiorly  in  a  rounded  median  keel.  The  vertebral  fora- 
mina are  large,  rounded,  and  placed  behind  the  transverse  process 
just  at  the  hindermost  part  of  the  centrum  (fig.  1 6).  The  neural  plat- 
form is  wide,  horizontal,  and  imperfectly  preserved ;  it  is  traversed 
in  the  median  line  by  a  low  neural  spine  about  y1^  inch  high  and  as  wide. 
The  depth  from  the  neural  spine  to  the  base  of  the  centrum  is  fully 
•jZy  inch.  The  substance  of  the  centrum  is  largely  excavated  for  the 
neural  canal,  which  is  cylindrical  and  £  inch  in  diameter.  The 
position  of  the  transverse  processes  is  above  the  middle  of  the  neural 
canal.  Both  the  specimens  described  are  from  the  part  of  the  sacrum 
anterior  to  the  femoral  articulation  in  the  pelvis. 

The  third  specimen  (figs.  17,  18,  19)  is  postfemoral ;  it  has  almost 
exactly  the  form  of  the  region  immediately  postfemoral  in  the  Diver. 
It  comprises  portions  of  four  vertebrae  perfectly  ankylosed  together. 
In  transverse  section  the  mass  is  triangular  (fig.  17),  having  the  base 
flattened  ;  and  the  flattened  sides  converge  dorsally  to  a  sharp  ridge, 
with  which  the  iliac  bones  were  in  contact.  The  specimen  is  J  £  inch 
long,  t^  inch  high  as  preserved  anteriorly,  and  about  \  inch  high 
posteriorly.  The  base  (fig.  18),  which  is  channelled  in  length  as  in  the 
Diver,  is  margined  on  each  side  by  a  subangular  ridge,  external  to  which 
is  a  narrow  flattened  lateral  area  which  looks  downward  and  out- 
ward. The  width  of  a  centrum  in  front,  where  narrowest  between 
the  transverse  processes,  is  less  than  \  inch ;  posteriorly  the  sacrum 
becomes  steadily  narrower.  On  the  lower  portion  of  the  lateral 
aspect  (fig.  19)  is  a  row  of  four  large  rounded  intervertebral  foramina, 
less  than  £  inch  in  diameter,  between  which  are  the  eminences  forming 
the  bases  of  the  short  transverse  processes.  The  flat  side  above 
these  foramina  and  processes,  -^  inch  deep,  is  divided  into  rhomboid 
areas  by  impressed  lines  running  upward  and  backward  at  unequal 
distances  from  each  other.  Posteriorly  at  the  fracture  the  sacrum 
is  becoming  greatly  compressed ;  but  there  is  no  means  of  estimating 
the  number  of  vertebrae  in  the  posterior  missing  portion.  In  the 
Diver  there  are  six  vertebrae  posterior  to  the  corresponding  sacral 
region ;  but  if  EnaliornU  had  a  long  tail,  the  sacrum  may  have  in- 
cluded fewer  postfemoral  elements. 

Caudal  VerUlrcc.     (PI.  XXVI.  figs.  20,  21,  22.) 

Two  small  vertebrae,  apparently  caudal  and  proccelous,  I  am  in- 
clined to  assign  to  the  caudal  region  of  Enaliomis ;  if  so,  they  are 
separate  elements  of  the  ploughshare  bone,  and  would  indicate  a 
peculiar  condition  of  the  termination  of  the  tail.  The  centrum  is 
compressed  from  side  to  side ;  and  the  neural  arch,  which  hangs  for- 
ward a  good  deal  (fig.  20),  shares  in  the  compression.  The  centrum  is 
about  |  inch  deep,  and  ^  inch  in  width  superiorly,  where  it  is  widest ; 


Digitized  by  VjOOQ IC 


504  HABBT  OOTIEK  8XELEY  OH  THB 

and  the  base  is  rounded,  with  a  narrow  median  furrow.     The  arti- 
culations of  the  centrum  are  oblique,  looking  downward  and  for- 
ward; the  anterior  one  (fig.  22)is  concave  from  above  downwards,  and 
shows  a  less  concavity  from  side  to  side.     The  posterior  articulation 
(fig.  21)  is  evenly  convex,  somewhat  compressed  from  side  to  side, 
broader  above  than  below ;  it  is  |  inch  deep,  and  -^  inch  wide  supe- 
riorly.    On  the  middle  of  the  side  of  the  neural  arch,  on  a  line  with 
the  base  of  the  neural  canal,  is  a  slight  eminence  indicative  of  a  rudi- 
mentary transverse  process.    The  zygapophyses  are  broken  away,  but 
extended  far  forward,  and  were  elevated  to  the  upper  border  of  the 
neural  canal.     The  neural  arch  in  front  is  wider  than  the  centrum ; 
posteriorly  it  is  compressed  and  narrower  than  the  centrum.    There 
appears  to  have  been  a  slight  neural  spine  ;  but  it  is  broken  away. 
As  preserved  the  vertebra  is  ^  inch  high.     The  neural  canal  is 
small,  but  is  larger  in  front  than  behind. 

The  vertebral  column,  as  a  whole,  is  unlike  that  of  any  existing 
bird ;  but  its  affinities  with  members  of  the  natatorial  tribe  admit  of 
no  question. 

The  Pelvis.    (PL  XXVI.  fig.  23.) 

Only  one  fragment  has  come  under  my  notice ;  it  is  in  the  Museum 
of  the  Geological  Survey,  and  had  already  been  identified  by  Mr.  E. 
T.  Newton,  F.G.S.  I  am  indebted  to  Professor  Huxley  for  the  op- 
portunity of  studying  this  and  other  bird-bones  in  the  Geological- 
Survey  Museum.  The  ilium  is  large  and  deep,  the  acetabulum 
is  perforated,  and  the  small,  but  distinct,  public  and  ischiao  bones 
are  directed  backward. 

The  specimen  is  a  fragment  of  the  left  ilium  (fig.  23  a)  with  the 
ischium  broken  short,  and  an  indication  of  the  pubis.  The  acetabulum 
is  -flj-  inch  wide ;  it  is  subcircular,  and  is  perforated  as  in  living  birds, 
the  perforation  being  apparently  nearly  f  inch  wide.  The  external 
surface  of  the  ilium  is  smooth ;  but  the  posterior  margin  of  the  aceta- 
bulum is  elevated  considerably,  as  in  existing  birds,  the  anterior 
margin  being  similarly  depressed.  The  pubis  (fig.  23  b)  is  seen  on  the 
internal  side  of  the  fragment  not  to  be  blended  with  the  ilium,  but  to 
be  separated  by  a  short  straight  suture  directed  upward  and  backward. 
The  pubis  is  directed  backward,  but  forms  the  inferior  anterior  mar- 
gin of  the  acetabulum ;  it  is  slender,  -fa  inch  wide,  subquadrate  in 
section,  with  the  external  and  internal  anterior  sides  converging  in 
a  sharp  anterior  marginal  ridge  ;  consequently  there  are  also  poste- 
rior, external  and  internal  ridges.  As  preserved,  the  pubis  is  A  inch 
long ;  it  has  a  large  medullary  cavity.  The  ischium  (fig.  23  c)  is 
more  slender  and  more  circular  in  section ;  it  forms  the  inferior 
posterior  part  of  the  margin  of  the  acetabulum ;  is  flattened  ante- 
riorly, and  directed  backward  at  the  same  angle  as  the  pubis,  from 
which  it  appears  to  be  entirely  separated :  as  preserved,  it  is  \  inch 
long.  The  ilium  is  remarkably  thin ;  it  is  compressed  above  and 
behind  the  posterior  acetabular  thickening,  above  which  (as  pre- 
served) it  extends  for  -^  inch.  The  length  of  the  specimen  is  about 
1  inch. 
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The  Femur.    (PL  XXVII.  figs.  1-12.) 

More  specimens  of  femur  have  been  found  than  of  any  other  bone. 
The  Woodwardian  Museum  contains  twenty-four,  of  which  eight  are 
proximal  ends.  This  is  nearly  half  the  total  number  of  specimens 
of  bird-bones  in  the  Museum.  In  the  collection  of  Mr.  T.  Jesson, 
F.G.S.,  in  which  there  are  seventeen  bird-bones,  six  are  fragments 
of  femora — five  of  them  distal  ends,  and  one  proximal.  On  the 
lowest  computation  these  remains  alone  must  have  pertained  to  at 
least  thirteen  birds.  The  femora  differ  in  size,  form,  and  slender- 
ness,  but  not  to  a  marked  degree ;  so  that  if  the  bones  belonged 
to  three  different  species,  as  is  probable,  they  all  may  have  been 
closely  allied.  The  smallest  femur  is  rather  longer  than  that  of  the 
Bed-throated  Diver,  but  has  the  articular  ends  less  expanded.  One 
specimen  in  Mr.  Jesson's  collection  (figs.  1,  2,  3)  is  1  £  inch  long, 
but  has  both  articular  ends  worn  and  short  of  their  true  length. 
It  is  bowed  superiorly,  much  as  in  the  Diver,  being  concave  in  length 
inferiorly  and  convex  superiorly.  The  shaft  measures  |  inch  from 
within  outward  in  the  middle,  and  widens  proximally  to  -|  inch  as 
preserved,  and  distally  to  -j^  inch  as  preserved. 

The  external  surface  is  flattened,  somewhat  pitted  with  muscular 
attachments,  rounded  into  the  anterior  and  posterior  surfaces,  and  is 
concave  from  the  proximal  to  the  distal  end.  The  antero-posterior 
diameter  of  the  shaft  in  the  middle  is  more  than  \  inch,  but  becomes 
somewhat  less  towards  both  ends.  The  internal  surface  is  somewhat 
compressed  on  the  posterior  margin,  but  is  well  rounded  in  the  shaft 
from  back  to  front,  though  towards  the  extremities  it  becomes  more 
compressed.  The  proximal  end  is  subtriangular  when  seen  from 
above,  the  superior  antero-posterior  external  measurement  being 
much  more  than  in  Colymbus^  while  the  articular  head  of  the  bone 
is  smaller ;  and  the  shaft  is  slightly  compressed  superiorly  external 
to  the  articular  head,  the  impression  being  greatest  in  front.  The 
distal  end  is  marked  in  front  with  a  shallow  broad  channel,  nearly 
the  width  of  the  anterior  surface,  margined  on  the  inner  side  by  a 
sharp  ridge,  which  is  the  edge  of  a  flattened,  narrow,  short  inner 
surface  that  looks  inward  and  backward.  As  usual  in  birds,  the 
proximal  and  distal  articulations  are  both  in  the  same  plane,  and 
the  outer  distal  articular  surface  is  the  larger  of  the  two. 

Another  femur,  imperfect  proximally  (fig.  8)  (presented  to  the 
Woodwardian  Museum  by  llev.  T.  G.  Bonney,  F.G.S.),  appears  to 
have  been  shorter  and  stouter,  approaching  nearer  to  that  of  the  Diver, 
and  the  muscular  attachments  very  like  those  of  the  Diver.  As 
preserved,  the  fragment  is  1  \  inch  long  and  A  inch  wide  in  the 
middle  of  the  shaft;  distally  it  is  about  \  inch  wide.  At  the 
distal  end  there  is  wide  pit  rather  than  a  groove,  resembling  that  in 
the  Red-throated  Diver,  only  not  so  deep. 

A  third  femur,  badly  preserved  distally,  and  showing  no  trace 
proximally  of  the  articular  end,  is  If  inch  long ;  distally  it  is  $•  inch 
wide,  while  the  larger  condyle  measures  \  inch  from  front  to  back. 
This  indicates  an  animal  somewhat  larger :  but  it  is  difficult,  with 
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Buch  worn  fragments,  to  estimate  aright  the  differences  of  size  and 
stoutness. 

The  isolated  ends  exhibit  corresponding  differences  of  size.  The 
smallest  measures  ^  inch  from  within  outwards  over  the  proximal 
articulation,  while  the  largest  specimens  are  -^  inch  in  that  mea- 
surement, and  have  a  corresponding  thickness  in  the  shaft.  In 
all,  the  external  proximal  surface  terminates  in  a  sharp  margin 
on  each  side,  is  flattened  and  wide  fa  inch  wide  in  the  larger  spe- 
cimens, and  less  than  -^  inch  wide  in  the  small  bones.  Usually 
this  area  is  somewhat  concave  below  the  articulation.  The  articular 
Burface  itself  extends  over  the  whole  of  the  proximal  end. 

A  medium-sized  distal  end  of  a  left  femur  (PI.  XXVII.  figs.  9, 10, 
II)  I  refer  to  Enaliornis  Sedgwkki.  The  fragment  is  about  an 
inch  long,  subovate  where  fractured  proximally,  being  -^  inch  in  the 
greatest  oblique  measurement  from  before  backward,  and  less  from 
side  to  side.  The  shaft  becomes  compressed  on  the  inner  and  pos- 
terior side  towards  the  distal  articulation,  above  which  its  section 
would  be  subtriangular ;  for  the  inner  margin  of  the  anterior  aspect 
is  a  somewhat  sharp  ridge  more  marked  than  in  the  Diver,  which 
is  prolonged  into  the  inner  distal  condyle.  The  outer  condyle  w 
much  the  larger,  and  extends  about  ^  inch  further  distally  than 
the  other.  The  intercondylar  space  in  the  fossil  has  not  so  great 
an  antero-posterior  compression  as  in  the  Diver ;  and  the  inner  cpn- 

that  type.  The  width  over  the  con- 
'  the  outer  condyle  is  nearly  T^  inch. 
it  femur  (PI.  XXVII.  fig.  12),  which  I 
Barrettiy  more  than  an  inch  long,  is 
articulation ;  and  the  whole  bone  is 
sondyle  is  relatively  larger  and  deeper 
id  the  anterior  channel  between  the 
Another  specimen,  in  better  preserva- 
i  of  W.  Reed,  Esq.  I  shall  be  quite 
a.  which  have  passed  through  my  hands 
have  indicated  ;  but,  in  the  absence 
5  my  way  to  giving  them  any  useful 


js.  13-21 ;  PI.  XXVI.  figs.  24,  25.) 

ise  two  proximal  ends  of  right  tibia;  in 
id  one  in  that  of  Mr.  Reed,  and  a  left 
esson,  all  of  which  have  a  moderate 
re  developed  than  in  the  G  an  net,  but 
igth  to  that  of  the  Diver.  There  are 
two  specimens  of  right  and  left  proxi- 
two  forms  of  tibiae,  which  are  imper- 
;e  of  a  patella,  but  terminate  in  rough 
bones  seem  to  be  young  specimens  of 
the  remains  are  not  inferior  in  size  to 
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those  in  which  ossification  is  complete.  In  the  Woodwardian  Mu- 
seum is  a  similar  larger  proximal  end  of  a  tibia  without  a  patella, 
-which  I  take  to  be  that  of  Enaliornis  Barretti  (figs.  20,  21 ).  There 
are  also  distal  ends  of  tibiae :  the  Woodwardian  Museum  is  fortunate 
in  possessing  an  example  of  each  species. 

The  large  proximal  ends  of  the  bone  in  Enaliornis  Barretti  are  four 
in  number.  Mr.  Reed's  specimen  is  the  finest.  Twelve  years  since  I 
noticed  that  it  was  1|  inch  long,  with  a  subquadrate  shaft  and  strong 
compressed  semiovate  patelloid  process  fully  f  inch  high,  with  flat- 
tened subparallel  surfaces.  Both  lateral  margins  of  the  patella 
develop  ridges  which  are  directed  outwards.  The  ridge  on  the 
fibular  side  of  the  bone  is  the  stronger.  The  shaft  terminates  upward 
internal  to  the  patella  in  a  flattened  horizontal  slightly  convex  sur- 
face wider  than  deep,  though  the  depth  is  increased  by  projecting 
backward  over  the  posterior  face  of  the  shaft.  This  articulation  for 
the  femur  is  nearly  £  inch  wide,  but  is  not  so  deep  on  the  inner  side 
and  is  rather  narrower  towards  the  fibula ;  the  surface  is  slightly 
oblique,  sloping  from  the  front  backward.  In  front  the  shaft  is 
channelled ;  and  posteriorly  it  is  somewhat  concave  from  side  to  side. 
It  is  compressed  externally  and  develops  a  fibular  ridge  on  the  pos- 
terior external  margin  at  &  inch  below  the  femoral  articulation. 
The  internal  surface  of  the  shaft  is  flat.  The  proximal  end  figured 
PL  XXVII.  fig.  20  is  in  the  collection  of  T.  Jesson,  Esq.,  F.G.8. 

The  distal  articular  end  of  the  right  tibia  of  Enaliornis  Barretti  in 
the  Woodwardian  Museum  (PI.  XXVI.  figs.  24,  25)  has  the  shaft 
much  compressed  from  back  to  front,  and  sharp  along  the  fibular 
margin.  The  articulation  is  4  inch  broad.  The  (?)  tarsal  element  is  as 
completely  ankylosed  to  the  tibia  as  in  most  Ornithosaurs  and  existing 
birds.  The  condyles  are  broad  and  rounded,  the  internal  one  being 
the  larger  of  the  two.  The  depression  between  the  condyles  appears 
to  be  less  deep  than  usual.  There  is  a  deep  channel  in  front  on 
the  fibular  side ;  but  it  does  not  appear  to  have  been  arched  over  by  a 
bridge,  but  was  defended  by  a  strong  process  directed  outward  from 
above  the  inner  condyle.  This  is  one  of  the  most  distinctive  parts 
of  the  skeleton  of  Enaliornis. 

The  tibia  of  Enaliornis  Sedgwiclci,  like  all  the  other  bones,  is 
smaller  than  the  tibia  of  the  species  just  described.  The  Wood- 
wardian fragment  of  a  right  proximal  end  (figs.  13,  14,  15)  is 
about  1 J  inch  long.  The  shaft,  where  fractured  at  the  commence- 
ment of  the  fibular  ridge,  is  triangular  in  section,  less  than  $  inch 
wide,  and  more  than  |  inch  deep  on  the  slightly  convex  internal 
aspect.  The  other  surfaces  of  the  shaft  appear  to  be  more  flattened 
than  in  E.  Barretti,  the  vertical  channel  on  the  anterior  surface 
being  conspicuously  shallower.  The  proximal  articulation  for  the 
femur  is  subquadrate,  more  than  £  inch  wide,  and  not  quite  so 
deep.  The  articular  surface  consists  of  a  flattened  internal  sur- 
face for  the  condyle,  and  a  mamillate  process  rising  above  that 
level,  which  extends  to  the  outer  margin  of  the  bone,  showing 
that  the  external  condyle  of  the  femur  was  suj.;<  rted  entirely  on 
the  fibula.    The  patelloid  process  is  shaped  much  as  in  the  other 
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species,  and  is  ±  inch  wide.  It  k  ovately  rounded  pvoxxmally, 
strong,  compressed  from  front  to  back,  and  extends  a  little  ouV 
ward  and  forward  beyond  the  shaft,  where  it  terminates  in  a  sharp 
ridge,  which  is  directed  forward  and  continued  a  short  distance 
distally  down  the  shaft.  On  the  inner  side  there  is  no  ridge  on  the 
patella ;  bnt  a  sharp  angle  extends  from  its  base  down  the  shaft. 

The  distal  end  of  a  right  tibia  of  this  species  in  the  Wood- 
wardian  Museum  is  well  preserred  (figs.  16.  17,  l*u  The  shaft 
is  much  compressed  from  front  to  back,  and  set  on  to  the  small 
distal  articulation  so  as  to  be  flush  with  it  behind.  The  shaft 
measures  -^  inch  from  side  to  side  at  about  \  inch  from  the  distal 
end,  and  is  nearly  -^  thick.  The  distal  articulation  widens  to  ^  inch; 
posteriorly  it  extends  up  the  shaft  for  i  inch,  forming  a  broad  shal- 
low channel  margined  laterally  by  two  strong  ridges  which  are  eon- 
tinned  round  into  the  condyles  (fig.  18),  forming  their  external  mar- 
gins, and  denning  the  lateral  regions  of  the  lower  part  of  the  shaft. 
The  convex  base  of  the  inner  side  of  the  shaft  is  more  than  j  inch 
wide,  while  the  base  of  the  inner  side,  which  is  roanded  superiorly,  is 
-fa  inch  wide.  The  anterior  surface  (fig.  16)  oi  the  shaft  consists  of 
an  external  half,  which  is  deeply  excavated,  and  an  internal  part  which 
is  somewhat  thickened,  and  at  its  base,  just  above  the  middle  of  the 
articulation,  gave  off  a  slight  process  which  appears  to  have  been 
directed  over  the  channel.  The  margins  of  the  articulation  are  ele- 
vated ;  but  the  space  between  them  is  concave  from  aide  to  side.  The 
internal  condyle  is  rather  the  larger  of  the  two. 

Fibula.    (PL  XXVI.  figs.  26,  27.) 

This  identification  is  less  evident  than  are  the  others.  But  as  no 
bone  of  the  fore  limb,  or  scapular  arch,  or  sternum,  has  hitherto 
been  recognized  among  the  bird-remains  from  the  Cambridge  Green- 
sand,  the  only  bone  left  to  be  identified  which  could  unite  to  a  slen- 
der shaft  a  moderately  expanded  proximal  end,  is  the  fibula.  The 
bone  is,  relatively  to  the  tibia,  much  larger  than  in  existing  birds ; 
bnt  since  Professor  Marsh  finds  this  to  be  a  characteristic  of  the 
fibula  in  fossil  birds  from  the  American  Cretaceous  deposits,  it  is 
probable  that  Enaliornis  had  a  community  of  structure  with  the 
transatlantic  genera  in  this  particular  as  well  as  in  general  affinities. 
Two  specimens  have  been  preserved  in  the  Woodwardian  Museum, 
both  probably  from  the  left  side.  The  longest  is  more  than  an  inch 
tong.  is  compressed  from  side  to  side  so  ss  to  be  four-sided  at  the 
distal  fracture,  where  it  i«  X  ™Vi  wide  and  less  than  ^  inch  thick. 

ler  on  one  of  the  narrow  sides,  and 
so  that  in  section  it  is  triangular, 
an  lower  down.  On  what  I  take 
is  a  slight  sharp  ridge,  which  msy 
rhich,  lower  down,  the  fibula  united 
d  is  expanded  and  articular,  sub- 
,  and  somewhat  rounded  superiorly 
tV  inch  from  back  to  front,  and 
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-§-  inch  from  within  outward  on  the  posterior  side,  and  less  on  the 
anterior  side. 


Proximal  end  of  Metatarsus.     (PL  XXVII.  figs.  22,  23.) 

Although  many  examples  of  the  distal  end  of  this  bone  hare  been 
found,  I  have  seen  but  one  specimen  of  the  proximal  end.  It  has 
been  for  many  years  in  the  Museum  of  Practical  Geology ;  and  I 
would  express  my  thanks  to  Professor  Huxley  for  permission  to  study 
its  characters. 

The  bone  is  trifid,  having  lost  the  proximal  ossifications  which  are 
at  present  usually  reckoned  as  the  distal  tarsal  row.  The  frag- 
ment is  ^  inch  long,  and  measures  ^  inch  in  width  over  the  articu- 
lation, but  is  only  two  thirds  as  deep.  At  the  fracture  distally  the 
diameter  of  the  almond-shaped  section  is  $  inch. 

The  middle  bone  is  entirely  ankylosed  with  the  other  two.  All 
are  of  equal  length.  In  front  the  grooves  between  the  bones  are 
not  very  deep,  and  seem  at  the  fracture  to  be  disappearing.  The 
bone  which  is  probably  external  has  the  outer  side  flattened  and  the 
proximal  end  twice  as  long  as  wide.  The  middle  bone  is  flattened 
in  front ;  its  proximal  end  is  rather  shorter.  The  third  is  half  a 
cylinder,  compressed  a  little  behind.  Its  proximal  end  is  put  a  little 
behind  the  other  bones ;  and  it  extends  a  little  above  them. 


Distal  end  of  Metatarsus.    (PI.  XXVII.  figs.  24,  25.) 

The  distal  ends  are  usually  much  broken,  and  rarely  show  the 
articulations  perfect.  Occasionally  the  want  of  definition  on  their 
articular  surfaces  may  be  the  result  of  imperfect  ossification.  The 
specimens  show  some  variation  in  size,  probably  a  specific  character ; 
the  large  one  figured  is  from  the  collection  of  T.  Jesson,  Esq.,  F.G.8., 
and  may  be  referred  to  Enaliornis  Barretti ;  while  the  smaller  and 
less  perfect  examples  at  Cambridge  seem  to  have  belonged  chiefly 
to  Enaliornis  Sedguricki.  The  bone  presents  a  very  close  resem- 
blance to  the  metatarsus  of  the  Red-throated  Diver,  but  is  larger. 
The  several  metatarsal  elements  in  both  types  occupy  the  same 
positions  and  terminate  in  similarly  grooved  pulley-like  ends,  rounded 
from  front  to  back. 

The'  fragment  is  |#  inch  long,  and  is  deeply  channelled  in  front 
between  the  middle  and  outer  metacarpal  elements,  as  in  Colymbus ; 
but  I  have  not  been  able  to  determine  whether  the  groove  in  Ena- 
liornis is  similarly  prolonged  so  as  to  perforate  the  metatarsus,  or 
whether  a  deep  cleft  renders  the  perforation  unnecessary.  The 
external,  lateral  surface  is  rather  more  inflated  than  in  Colymbus, 
rather  more  enlarged  at  the  distal  articular  end,  and  is  thrown  a 
little  further  backward.  The  two  outer  bones  measure  from  side  to 
side  £  inch  ;  they  are  Dearly  of  the  same  length ;  but  tbe  outer  one 
is  slightly  the  longer :  at  the  fracture  proximally  the  diameter  of 
these  elements  is  less  than  £  inch.     The  middle  articulation  mea- 
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Fig.  4.  Inferior  aspect  of  occipital  and  sphenoid  bones,  showing  the  anterior 
divergence  of  the  squamosal  bones :  a,  suture  between  parietal  and 
frontal  bones ;  b,  brain-cavity ;  <?,  foramen  magnum ;  a,  area  from 
which  the  basitemporal  bones  have  come  away ;  e,  articulation  for 
the  quadrate  bone ;  /,  basisphenoid. 

5.  Basal  aspect  of  a  cervical  vertebra  of  Enaliornis  Barretti  in  the  collec- 
tion of  W.  Reed,  Esq.,  F.G.S. 

G.  Anterior  aspect  of  the  same  specimen:  a,  anterior  articulation ;  b,  pos- 
terior articulation. 

7.  Left  side  of  dorsal  vertebra  of  EnaUornu  Barretti  in  the  Woodwardian 

Museum. 

8.  Neural  aspect  of  the  same  specimen. 

9.  Visceral  aspect 

10.  Posterior  aspect. 

11.  Anterior  aspect:  a,  anterior  articular  surface;  b,  posterior  articular 

surface;  c,  tubercle  for  rib;  dt  transverse  process;  *,  neural  spine ; 
/,  neural  canal ;  g,  anterior  xygapophvsis. 

12.  Anterior  aspect  of  dorsal  vertebra  of  Enaliornis  Sedgwicki  in  the 

Woodwardian  Museum. 

13.  Lateral  aspect  of  the  same  specimen.    Lettering  as  in  previous  figure. 

a,  the  concave  anterior  face  of  the  oentrum. 

14.  Visceral  aspect  of  anterior  portion  of  the  sacrum  of  Enaliornis  Barretti 

in  the  Woodwardian  Museum,  showing  the  nearly  flat  anterior  ar- 
ticulation of  the  first  vertebra. 

15.  Visceral  aspect  of  middle  portion  of  sacrum  of  Enaliornis  Barretti  in 

the  Woodwardian  Museum. 

16.  Lateral  aspect  of  the  same  specimen. 

17.  Anterior  end  of  postfemoral  portion  of  sacrum  of  Enaliornis  Barretti 

in  the  Woodwardian  Museum. 

18.  Visceral  aspect  of  the  same  specimen. 

19.  Lateral  aspect  of  the  same  specimen. 

20.  ?  Caudal  vertebra  of  Enaliornis  Barretti  in  the  Woodwardian  Museum. 

21.  Posterior  aspect  of  same  specimen. 

22.  Anterior  aspect  of  same  specimen. 

23.  Portion  of  pelvis  around  the  acetabulum  of  Enaliornis  Barretti  in  the 

Museum  of  Practical  Geology :  a,  ilium ;  A,  pubis ;  c,  ischium. 
2L  Distal  end  of  right  tibia  of  Enaliornis  Barretti  in  the  Woodwardian 
Museum. 

25.  Distal  view  of  the  articulation  of  the  same  specimen. 

26.  Proximal  view  of  the  articulation  of  a  fibula  of  Enaliornis  Barretti  in 

the  Woodwardian  Museum. 

27.  Lateral  view  ofproximal  portion  of  another  specimen  of  the  same  spe- 

cies in  the  Woodwardian  Museum. 

Plate  AAV  11. 

Fig.  1 .  Anterior  aspect  of  a  left  femur  in  the  collection  of  T.  Jeeson,  Esq., 
F.G.8. 

2.  Inner  view  of  the  same  specimen. 

3.  Outer  view  of  the  same  specimen. 

4.  Proximal  end  of  a  femur,  probably  of  Enaliornis  Barrettit  in  the  Wood- 

wardian Museum. 

5.  Proximal  articulation  of  the  same  specimen. 

6.  Proximal  end  of  a  small  femur,  possibly  Enaliornis  Sedgwicki,  in  the 

Woodwardian  Museum. 

7.  Proximal  articulation  of  same  specimen. 

8.  Anterior  view  of  distal  end  of  left  femur  of  another  species  of  bird  in 

the  Woodwardian  Museum. 

9.  Posterior  aspect  of  distal  end  of  left  femur  of  Enaliornis  Sedgwicki  in 

the  Wooawardian  Museum. 
10.  Anterior  aspect  of  same  specimen. 

Q.J.G.S.  No.  128.  2  k 
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Fig.  11.  Distal  articulation  of  same  specimen. 

12.  Distal  end  of  right  femur  ot  Enaliomis  Barretti  in  the  Woodwardian 

Museum. 

13.  External  view  of  proximal  end  of  right  tibia  of  Enaliomis  Sedgwick* 

in  the  Woodwardian  Museum. 

14.  Posterior  aspect  of  same  specimen. 

15.  Fractured  distal  end  of  same  specimen. 

16.  Distal  end  of  right  tibia  of  Enaliomis  Sedgvricki  in  the  Woodwardian 

Museum. 

17.  Fibular  aspect  of  same  specimen. 

18.  Distal  articulation  of  same  specimen. 

19.  Internal  aspect  of  proximal  end  of  left  tibia  of  Enalicrnis  Barretti. 

(Distal  end,  figs.  24  &  25  in  previous  Plate.) 

20.  Proximal  end  of  right  tibia  of  Enaliomis  Barretti,  in  which  the  arti- 

cular surface  has  remained  cartilaginous,  and  has  not  been  ankj- 
losed  to  the  patella. 

21.  Proximal  cartilaginous  surface  of  same  specimen. 

22.  Proximal  end  or  metatarsus  of  Enaliomis  Barretti,  seen  from  above, 

showing  imperfect  ossification.  In  the  Museum  of  Practical  Geology. 

23.  Anterior  aspect  of  same  specimen. 

24.  Anterior  aspect  of  distal  end  of  left  metatarsus  of  Enaliomis  Barretti 

in  the  collection  of  T.  Jesson,  Esq. 

25.  Distal  articulation  of  same  specimen,  showing  the  backward  position 

of  the  articulation  for  the  inner  digit 
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54.  Some  Recevt  Sections  w^ar  Nottikoham.     By  the  Bev.  A* 
Invuo,  B.Sc,  B.A..,  F.GJB,    (Bead  June  21, 1876.) 

[Abridged.] 

Thb  author  refers  to  papers  on  this  district  previously  published*. 
In  his  previous  paper  on  the  district,  reasons  had  been  given  for 
considering  the  Permian  and  the  Triaseic  strata  to  be  much  more 
closely  related  to  one  another  than  is  generally  stated  in  the  text- 
books, and  for  questioning  the  propriety  of  attempting  to  draw  any 
hard  and  fast  line  of  demarcation  between  the  two  formations,  at 
least  so  far  as  they  are  represented  in  the  north-eastern  area.  For 
further  proof  of  the  reasonableness  of  the  position  taken  by  him 
then,  the  author  of  the  present  paper  refers  to  the  careful  and  accu- 
rate paper  of  Mr.  E.  Wilson,  F.G.S.,  of  Nottingham,  whose  whole 
life  has  been  passed  in  the  district,  and  whose  observations  may  be 
thoroughly  relied  upon.  The  description  of  the  sections  described 
by  Mr.  Wilson  were  included  in  the  present  paper,  but  are  omitted  in 
this  abstract ;  and  the  reader  is  simply  referred  to  the  paper  at  p.  533 
of  the  present  Quarterly  Journal  for  an  account  of  a  section  which 
must  strike  every  one  who  examines  it  as  one  of  the  most  valuable 
pieces  of  evidence  yet  obtained  of  the  relation  that  subsists  between 
the  Permian  and  the  underlying  Coal  Measures. 

There  is  an  interesting  point,  however,  in  connexion  with  this 
particular  geological  horizon,  which  has  not  been  touched  upon  by 
the  author  of  the  paper  last  referred  to,  and  which  illustrates  the  ex- 
treme difficulty  which  must  have  presented  itself  to  the  minds  of 
the  Geological-Survey  officers  in  the  earlier  days  of  their  work,  when 
the  extension  of  railways  and  coal-mining  had  not  supplied  such  an 
ample  store  of  data  as  we  possess  at  present.  Reference  is  hero 
made  to  the  uppermost  strata  of  the  Coal  Measures,  and  particularly 
to  a  portion  of  them  consisting  of  red  sandstones  and  grits,  with 
interbedded  shales,  known  locally  to  mining-engineers  as  the 
"  Eotherham  Bock."  This  rock  has  not  been  penetrated  near  Not- 
tingham, as  it  lies  too  high  in  the  series  to  reach  so  far  south  as 
that  place,  which  is  probably  not  far  from  the  southern  limits  of 
the  synclinal  basin  in  which  the  Coal  Measures  lie ;  but  it  was 
pierced  in  the  Shire-Oak  Pit,  near  Worksop.  It  crops  out  some 
miles  to  the  west  of  that  place.  Prof.  Hull,  in  the  1873  edition  of 
his  work  on  the  Coal-Fields  of  Great  Britain,  has  included  the 
strata  in  question  among  the  Upper  Coal  Measures,  thus  confirming 
the  judgment  of  local  observers ;  and  on  referring  to  the  earliest 
edition  (1852)  of  the  map  of  the  district  issued  by  the  Geological 
Survey,  we  find  it  represented  there  also  as  a  part  of  the  Coal 

*  1.  Memoirs  of  the  Geological  Surrey,  by  Prof.  Hull,  RB,S.,  and  Mr.  T. 
Areling,  P.G.S. 
2.  "  Notes  on  the  Geology  of  the  Nottingham  District,"  by  A.  Irving,  F.G.S., 
Proceedings  of  the  Geologists'  Association,  January,  1674, 
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Measures.  Yet,  strange  to  say,  in  a  later  edition  of  the  same  map 
(1867X  the  Botherham  Rock  is  coloured  as  Lower  Permian,  Of 
course,  if  this  were  rightly  so  named,  there  would  he  no  great  diffi- 
culty in  pointing  to  an  instance  of  close  stratigraphical  relationship 
between  the  Permians  and  the  Coal  Measures.  But  will  it  hold  ? 
Meanwhile,  the  anomaly  which  has  been  referred  to  is  puzzling  to 
students,  and  tends  to  destroy  their  confidence  in  those  whom  they 
ought  to  be  able  to  look  upon  as  authoritative  guides  in  these  matters ; 
and  it  is  to  be  hoped  that  another  edition  of  the  map  may  soon  ap- 
pear, by  which  the  doubt  may  be  removed.  There  will  be  much 
good  work  to  be  done  in  the  district  in  the  next  few  years,  on  ac- 
count of  the  rapid  development  of  the  coal-field  and  the  local  exten- 
sion of  railways.  As  the  railway  on  which  the  section  above 
referred  to  is  found  proceeds  eastward  it  exposes  good  sections  of 
the  Bunter  and  Keuper.  Between  the  river  Leen  and  the  turnpike 
road  which  leads  from  Nottingham  to  Mansfield,  the  cuttings  are 
not  deep,  and,  for  a  great  part  of  the  way,  the  rock  exposed  consists 
of  the  usual  red  and  mottled  soft  sandstones  of  the  Lower  Bunter. 
East  of  the  road  just  mentioned  the  Pebble-beds  of  the  Middle 
Bunter  are  well  shown.  They  partake  very  much  of  the  nature  of 
those  which  compose  the  scarped  rock  on  which  Nottingham  Castle 
stands,  being  massively  bedded,  of  varying  hardness  (though 
throughout  much  harder  than  the  Lower  Bunter),  whitish,  dis- 
tinctly jointed,  the  more  compact  beds  forming  a  true  conglomerate 
with  sparsely  scattered  pebbles,  and  occasionally  loose  layers  of 
pebbles  between  them.  Frequent  alternations  in  the  force  of  the 
currents  in  the  shallow  arm  of  the  sea  in  which  these  materials 
were  deposited  are  recorded  by  the  above  facts,  and  by  the  general 
prevalence  of  false-bedding.  The  last-named  character  is  even  more 
prevalent  in  the  higher  strata  of  the  Bunter  which  are  exposed 
to  the  east.  The  characteristic  pebble-beds  of  the  Middle  Bunter 
disappear;  and  in  their  place  one  finds  a  series  of  thinly  laminated, 
micaceous,  whitish,  false-bedded  sandstones,  destitute  of  pebble?, 
which  may  perhaps  be  regarded  as  representatives  of  the  "  Upper 
Mottled  Sandstones  "  of  the  Cheshire  area,  described  by  Prof.  Hull*. 
The  junction  of  the  Bunter  with  the  Keuper  is  not  exposed,  as  it 
lies  in  one  of  the  numerous  minor  valleys  of  erosion  so  common  in 
this  district.  The  exposures  of  the  Keuper  strata  are  extensive  and 
interesting,  and  include  almost  the  whole  range  (with  the  exception 
of  a  few  feet  at  the  base)  of  the  "  Waterstones,"  togother  with  some 
twenty  or  thirty  feet  of  red  marls  above  them,  which  may  mark  the 
passage  into  the  Upper  Keuper ;  but  the  greater  part  of  the  latter 
has,  at  any  rate,  been  long  ago  removed  by  denudation  from  above. 
For  more  than  two  miles,  in  the  direction  of  the  village  of  Gedling 
(which  lies  in  a  lateral  valley  opening  into  the  main  valley  of  the 
Trent)  the  Waterstones  are  exposed,  with  a  gentle  easterly  dip. 
There  are  no  indications  of  faulting,  nor  contortions  of  the  strata. 
The  beds  are  a  series  of  alternating  red  shaly  marls  and  sandstones, 

*  Hull:  'Permian  and  Triassic  Books  of  the  Midland  Counties/  one  of  the 
Memoirs  of  the  Geological  Surrey. 
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the  latter  varying  in  thickness  from  one  to  four  and  five  feet.  One 
of  these,  with  a  colour  approximating  nearly  to  white,  is  charac- 
terized by  numerous  cavities,  without  any  definite  form  or  arrange- 
ment, which  are  probably  to  be  accounted  for  by  the  dissolving  away 
of  calcareous  concretions  previously  existing  in  the  sandstone,  by 
infiltrations  of  water  charged  with  carbonic  acid.  About  the  middle 
of  the  Waterstone  Series,  the  sandstones  and  shales  are  replaced  by 
a  kind  of  sandstone,  in  which  the  fine  siliceous  and  argillaceous 
materials  are  intimately  intermingled.  At  an  horizon  somewhat 
lower  the  sandstones  are  more  purely  siliceous,  with  numerous  inter- 
stratified  bands  and  thin  marl-partings.  The  surfaces  of  these  have 
received  numerous  ripple-marks,  rain-pittings,  and  sun-cracks — 
many  hundreds  of  truck-loads  of  such  marked  slabs  having  been 
brought  up  from  the  tunnel  which  penetrates  underneath  the 
Mapperley  "  Plains  "  to  the  north-east  of  Nottingham,  at  a  depth 
below  their  highest  point  of  180  feet. 

Though  no  fault  is  intersected  by  the  railways,  there  are  never- 
theless some  rather  large  ones  in  the  Keuper  strata  of  the  district, 
the  result,  as  I  take  it,  of  increased  dislocation  of  the  subjacent 
palaeozoic  strata  in  post-Triassic  times.  One  such  fault  is  exposed  in 
the  face  of  the  cliff  which  overhangs  the  railways  at  Colwich,  and 
has  a  throw  of  not  less  than  100  feet.  On  the  east  side  of  it  are 
the  upper  marls  of  the  Upper  Keuper,  with  many  bands  of  gypsum ; 
on  the  other  side  of  the  fault  are  the  sandstones  of  the  Lower 
Keuper,  which  exactly  correspond  with  the  lower  portion  of  those 
pierced  by  the  Mapperley  Tunnel.  As  this  fault  runs  north-west, 
but  not  precisely  in  the  direction  indicated  on  the  Survey-map  (the 
effect  of  its  throw  being  reversed  by  a  second  fault  between  it  and 
the  railway  above  described),  it  is  exposed  in  several  places.  At  two 
points,  (1)  at  Blue-bell  Hill,  (2)  at  the  top  of  Bed  Lane,  where 
this  joins  the  Mapperley  Road,  the  fault  forms  what  must  have  once 
been  an  open  gaping  fissure :  at  the  first-named  place,  its  width  is 
11  yards ;  at  the  latter,  15  yards.  In  both  instances  the  fissures 
are  filled  with  debris  of  Keuper  strata  broken  up  into  a  confused 
rubbly  mass  by  drift  action. 
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65.  On  the  Miocexe  Fossils  of  Haiti.  By  R.  J.  Lbchxkrs  Grrrr, 
Esq.,  F  J^8.,  F.G.S.,  C.MJ5.S.,  President  of  the  Scientific  Asso- 
ciation of  Trinidad.    (Bead  May  10, 1876.) 

[Plates  XXVm.  &  XXIX] 

A  tbbt  important  memoir  "  On  the  Topography  and  Geology  of 
Santo  Domingo  "  has  recently  been  published  by  Professor  Gabb*. 
Whatever  tends  to  elucidate  the  geology  of  the  island  of  Haiti  mast 
of  coarse  contribute  to  our  knowledge  of  West-Indian  and  Americas 
geology  generally,  and  may  also  throw  further  light  upon  some  of 
the  problems  connected  therewith  which  have  not  as  yet  been 
solved. 

Santo  Domingo-  is  a  republic  occupying  two  thirds  of  the  Island 
of  Haiti.  A  Tery  large  portion  of  the  territory  comprised  within 
its  boundaries  has  been  geologically  surveyed  and  mapped  out  by 
Prof.  Gabb  and  his  assistants.  The  formations  examined  by  them 
are  classified  as  Postplioeene,  Miocene,  and  Cretaceous.  Eruptive 
rocks  are  also  developed  to  a  large  extent. 

It  is  not  my  intention  to  speak  of  the  geological  part  of  Pro! 
Gabb's  labours.  That  could  only  be  done  usefully  by  those  ac- 
quainted with  the  country  and  conversant  with  its  structure.  My 
present  business  is  with  the  paheontological  portion  of  the  work. 

The  Geological  Society  possesses  the  first  regular  collection  of 
fossil  Tertiary  shells  and  corals  made  in  Haiti,  and,  indeed,  I  might 
almost  say,  in  the  West  Indies.  This  collection  contains  the  types 
of  the  species  described  by  Sowerby  for  Mr.  Carrick  Moore,  and  by 
Prof.  Duncan.  I  have  from  time  to  time,  when  treating  of  the  West- 
Indian  Tertiary  rooks  and  fossils,  alluded  to  the  fact  that  several  of 
the  species  contained  in  that  collection  were  unnamed. 

Most  of  those  species  have  now  been  described  by  Prof.  Gabb ; 
but  it  is  to  be  regretted  that  his  work  is  not  accompanied  by  figures, 
so  that  our  determinations  may  sometimes  be  open  to  doubts  which 
the  aid  of  pictorial  illustration  would  enable  us  to  dispel. 

In  the  Proceedings  of  the  Scientific  Association  of  Trinidad  for 
December  1873, 1  described  several  new  fossils  from  Jamaica  ;  and 
deeming  it  desirable  that  those  fossils  should  be  more  widely  known 
than  they  could  be  by  means  of  that  publication,  whose  circulation 
is  very  limited,  I  republished  the  descriptions  and  figures  in  the 
•  Geological  Magazine '  for  September  and  October  1874,  together 
with  a  revised  list  of  tho  organic  remains  (exclusive  of  the  corals 
and  other  fossils)  which  had  been  found  in  the  Tertiary  deposits 
of  the  Caribbean  region.  This  list  was  a  revision  of  one  previously 
published  by  me  in  the  Proceedings  of  the  Scientific  Association  of 
Trinidad  for  1867.    The  first  knowledge  I  had  of  Prof.  Gabb's  work 

*  Tranf.  Amer.  Phil.  Soc.  vol.  xr.  p.  49,  with  a  geological  map  of  Santo 
Domingo.  See  also,  for  the  new  genera  described,  Proc  Acad.  Nat.  Sci.  PhiL 
1872,  p.  270. 
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was  from  the  January  (1875)  number  of  the  *  Journal  de  Conchylio- 
logie,'  which,  however,  I  did  not  receive  until  some  time  after  the 
date  of  its  publication.  In  August  last  Prof.  Gabb  did  me  the 
kindness  to  send  me  a  copy  of  his  publications  relating  to  the 
geology  and  paleontology  of  Haiti.  I  deemed  the  opportunity  a 
favourable  one  for  reexamining  the  Haitian  fossil  mollusca,  which 
had  been  untouched  since  1853.  The  present  communication, 
which  embodies  the  results  of  my  reexamination,  is  confined  for 
the  most  part  to  such  species  as  I  have  identified  in  the  collection 
of  the  Geological  Society,  or  have  noticed  in  other  collections  of 
West-Indian  Tertiary  fossils. 

We  have  not  escaped  the  tendency,  almost  inevitable  in  the  case 
of  little-known  forms,  to  describe  mere  varieties,  some  more  or  less 
permanent,  some  merely  individual,  under  distinct  specific  names. 
Prof.  Gabb  has  done  good  service  by  uniting  together  some  of  these 
artificially  separated  forms ;  and  in  this  labour  he  has  had  the 
advantage  of  large  suites  of  specimens  collected  by  himself  in  Haiti. 
"While  contributing  my  quota  towards  a  reduction  of  our  superfluous 
nomenclature,  I  may  observe  that  it  is  not  always  a  disadvantage  in 
the  beginning  (particularly  when  the  descriptions  are  accompanied 
by  good  figures)  to  distinguish  the  various  forms  which  are  mis- 
taken for  distinct  species.  Owing  apparently  to  the  great  exube- 
rance of  Molluscan  life  in  the  West-Indian  Miocene,  much  variation 
occurred,  especially  in  certain  genera. 

In  all  the  corrections  I  have  ventured  on  in  respect  of  Prof. 
Gabb's  determinations,  I  have  not  acted  in  any  spirit  of  derogation  of 
his  work,  which  I  consider  very  valuable ;  and  I  could  congratulate 
myself  if  my  own  had  been  at  all  times  as  well  done. 

One  of  the  results  stated  by  Mr.  Carrick  Moore  has  been  brought 
out  more  strongly  by  Prof.  Gabb's  examination  of  the  Haitian 
fossils.  It  is  the  alliance  of  the  West-Indian  Miocene  fauna  to  that 
of  the  west  coast  of  South  America;  and  I  think  now  that  the 
conviction  can  hardly  be  resisted  that  during  some  portion  of  the 
Miocene  period  there  was  a  free  communication  between  the  Pacific 
and  the  Atlantic.  But  other  alliances  point  to  the  west  coast  of 
Africa;  and  there  remain  other  alliances  still  more  close  with  the 
Eastern  and  Indian  Seas. 

In  a  letter  to  me,  dated  18th  September,  1871,  the  late  Prof. 
William  Stimpson  informed  me  that  in  the  deep-sea  explorations 
off  Florida  he  had  discovered  shells  either  identical  with  or  very 
closely  allied  to  some  species  of  the  West-Indian  Miocene.  Among 
them  he  cited  C<mu8planiliratit8,Pleurotoma  Barretti  (—PI.  haittnsis), 
Phos  eUgartSy  and  Corbula  viminea. 

For  the  sake  of  conciseness  I  have,  in  the  following  remarks,  used 
the  abbreviation  G.  J.  for  the  Quarterly  Journal  of  the  Geological 
Society. 

1.  Dektaltum  dissimiue,  Guppy,  G.  J.  vol.  xxii.  p.  292,  pi.  xvii. 
fig.  4. 
I  am  inclined  to  believe  that  Gabb's  D.  ponderoswn  is  a  form  of 
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this  species  having  thick  walls.  Three  other  species  are  named  by 
Prof.  Gabb ;  but  I  cannot  refer  the  specimens  in  the  Geological  So- 
ciety's collection  to  more  than  two  species,  one  of  which  is  named 
below. 

2.  Bbhtaltum:  mississipbnse,  Conrad. 

This  is  very  like,  if  not  identical  with,  D.  KicJcani  of  the  Belgian 
Miocene. 

3.  Bulla,  paupbbcula,  Sow.  G.  J.  vol.  vL  p.  32. 

This,  and  B.  Vendryesiana,  may  be  regarded  as  probably  marked 
forms  of  B.  striata,  Brog. 

4.  Bulla,  gbahosa,  Sow.  G.  J.  vol.  vi.  p.  51,  pi.  x.  fig.  10. 

5.  Volvtjla  ctukdmca,  Gabb,  Trans.  Amer.  Phil.  Soc.  voL  xr. 

p.  246. 

6.  Tobhatdta  coix-lacbyma,  Guppy,  Gcol.  Mag.  1867,  p.  500,  &g.  3. 
T.  recta,  Gabb,  I  e.  p.  246  (as  of  LVOrb.). 

The  same  species  occurs  in  the  Miocene  of  Trinidad  and  Jamaica. 
T.  canaUculata,  T.  olivula  and  T.  recta,  D'Orb.,  which  may  all  he 
synonymous,  are  nearly  related  to  our  fossil. 

7.  Ctlichka  bidentata,  D'Orb.  Moll.  Cuba,  pi.  iv.  figs.  13-16. 
This  is  erected  into  a  new  genus,  Cylichnella,  by  Gabb ;  but  I  do 

not  concur  in  the  necessity  of  that  proceeding.     An  allied  but  larger 
species  ((7.  ovum-lacerti,  Guppy)  is  found  in  the  Eocene  of  Trinidad. 

8.  TOBKAIBLLA   (AcT-KON)  CTTBBtfSIS,  Gabb. 

This  may  be  identical  with  the  shell  1  have  described  as  T.  textHis 
(Geol.  Mag.  1874,  p.  407,  pi.  xvi.  fig.  4) ;  but  if  so,  it  is  distinct  from 
T.  punctata,  D'Orb.,  as  respects  the  surface  ornamentation,  which  in 
T.  textilis  has  more  of  a  cancellate  than  a  punctate  character. 

9.  Bingicitla  TBiDEirTATA,  Guppy,  Geol.  Mag.  1874,  p.  406. 

The  specimens  identified  by  Gabb  as  R.  semi  striata,  D'Orb.,  may 
belong  to  this  species. 

10.  TuBBOimxA  TUBBis,  D'Orb.  Moll.  Cuba,  voL  L  p.  219.  pi.  *r£ 

figs.  10-13. 

A  very  variable  species,  found  also  in  the  Miocene  of  Jamaica  and 
Pliocene  of  Trinidad.  Other  forms  of  the  same  have  been  described 
by  LVOrbigny  as  modesta,  ornata,  and  pulcheUa ;  and  I  believe  that 
T.  dominicensis,  angusta,  and  pertentUs  of  Gabb  may  be  placed  in 
the  same  category. 

11.  Nauca  caxbbna,  Linn. 
!2.  Natic*  sulcata,  Born. 
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13.  Natica  mamwllabis,  Lam. 

Gabb  considers  N.  subclaim,  Sow.,  to  belong  to  this  species. 

14.  NaTICA  PHASIA1TELLOIDE8,  D'Orb. 

Gabb  redescribes  this  species  under  the  name  of  Amaura  Guppy  i, 
but  does  not  give  his  reason  for  disagreeing  with  my  identification. 

15.  SlOABETTTS  EXCENTBICT7S,  n.  8p.     (PL  XXIX.  fig.  11.) 

Shell  globose-depressed,  adorned  with  many  regular  rounded 
spiral  ribs  with  much  narrower  threadlike  interstices :  spire  de- 
pressed ;  whorls  convex,  the  last  much  the  largest ;  aperture  oral, 
somewhat  angulated  posteriorly. 

A  more  globose  shell  with  much  more  convex  whorls  than  S.  de- 
pressus,  Phil.  ( =£.  Tialiotideus,  D'Orb.,  =$.  Leachii,  Sow.,  but  not  tho 
S.  Tialiotideus  of  Linne.     See  Hanley,  Ips.  linn.  Conch,  p.  390). 

16.  TUBBTTELLA    TOBNATA,  Guppy,    G.  J.   Vol.  Xxii.   p.  580,   pi.  XXVi. 

fig.  12. 

17.  Tubbitexla  plakioybata,  Guppy,  Proc.  Scient.  Assoc.  Trinidad, 

1867,  p.  169;  Geol.  Mag.  1874,  p.  408,  pi.  xviii.  ^g.  5. 
Gabb  has  recognized  this  species  among  the  Haitian  fossils ;  and 
his  remarks  upon  it  are  appropriate.     The  figure  in  Geol.  Mag.  shows 
only  the  general  shape. 

18.  Vbbmbtus  papulosus,  Guppy,  G.  J.  vol.  xxii.  p.  292,  pi.  xvii. 
fig*  3. 

Gabb  regards  this  as  the  end  of  the  tubes  of  Pctaloconchus ;  and 
in  this  he  may  be  right,  though  I  do  not  feel  completely  satisfied  on 
the  point. 

19.  Petaioconchus  sctjlptubatus,  Lea ;  P.  domingensis,  Sow.  G.  J. 
vol.  vi.  p.  51,  pi.  x.  fig.  9. 

20.  Cbbithium  unisebiale,  Sow.  G.  J.  vol.  vi.  p.  51.    (PI.  XXIX. 
fig.  4.) 

This  is  a  remarkable  species ;  and  Sowerby's  description  applies 
strictly  to  only  one  specimen.  The  species  may  be  distinguished 
generally  by  its  peculiar  ovate  shape,  also  by  the  ascension  of  the 
last  whorl,  near  the  aperture,  halfway  up  to  the  suture,  forming  a 
canal  upon  the  body-whorl,  between  the  angle  of  the  aperture  and 
the  callus  of  the  inner  lip,  which  terminates  in  a  broad  and  blunt 
tooth. 

21.  CBBiTHruM  oBBSuir,  Gabb,  Trans.  Amer.  Phil.  Boc.  vol.  xv.  p.  237. 
(PI.  XXIX.  fig.  9.) 

22.  CEBiTHruii  PLEBEruif,  Sow.  G.  J.  vol.  vi.  p.  51;   Guppy,  G.  J. 
voL  xxii.  p.  290,  pi.  xvi.  fig.  9. 

Near  to  ft  (Vertagus) gemmate, Hinds,  Voy.  Sulph.  pi.  x.  fig.  56. 
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23.  SOLABTUM  QTJADBISEBIATTTM,  SOW.  0.  J.  Vol.  vi.  p.  81,  pi.  X.  fig.  & 

The  Torima  rotundata  of  Gabb  can  scarcely  bo  other  than  a  form 
of  this  species,  differing,  it  would  seem,  in  the  greater  elevation  of 
the  spire  and  convexity  of  the  whorls. 

24.  Cancellable  Babbetti,  Guppy,  0.  J.  vol.  xxii.  p.  289,  pL  xviL 

ng.  11. 
Gabb  considers  this  identical  with  the  recent  C.  reticulata.     I  am 
not  sure  whether  it  is  distinct  from  the  species  next  named,  which 
Gabb  has  allowed  to  stand ;  but  it  is  a  pronounced  form  whose  pro- 
portions are  more  elongate  than  those  of  ft  Ictvesctns. 

25.  Cancellable  ljsvescens,  Guppy,  G.  J.  vol.  xxii.  p.  289,  pi.  xto. 

fig.  12. 

26.  Cahobllabia  Mooxki,  Guppy,  G.  J.  vol.  xxii  p.  289,  pL  xviL 

fig.  7. 

Gabb  includes  in  his  list  the  names  of  ft  brevis  and  C.  ttssrflata, 
Sew.  I  am  inclined  to  think  that  the  forms  so  named  by  him  art? 
young  specimens  of  ft  Moorei  and  ft  Icevescens  respectively. 

The  following  species  appears  to  me  quite  distinct.  It  does  not 
appear  to  have  been  mentioned  by  Gabb. 

27.  Cakcellabia  epistomltkba,  n.  sp.    (PL  XXVIII.  fig.  9.) 
Shell  pyriform,  scarcely  rimate,  adorned  with  stout  spiral  ridges 

having  longitudinal  ones  crossing  them  and  rising  into  points  on 
the  intersections. 

Spire  acuminate,  having  seven  or  eight  whorls  (of  which  the  nu- 
clear ones  aro  smooth).  Aperture  oblong,  oanal  short,  outer  lip 
sinuous,  carrying  a  spout-like  protuberance. 

Judging  from  the  sculpture  alone,  this  might  be  taken  for  a  form 
of  ft  BarreUi  or  ft  lawescem.  It  is,  however,  rather  more  coarsely 
sculptured  than  either  of  those  species,  in  the  latter  of  which  the 
last  whorl  is  smooth,  or  nearly  so.  The  sinus  of  the  outer  lip  is 
carried  in  a  sort  of  spout,  instead  of  forming  a  depression  as  in  the 
outer  lip  of  ft  Uevescens. 

CanaUaria  scalatella,  Guppy  (Miocene,  Jamaica),  does  not  seem 
to  have  been  found  in  Haiti  (see  Geol.  Mag.  1874,  p.  408,  pi.  xviL 
%  4). 

28.  Obthaulax  lnobnata,  Gabb.    (PL  XXVILI.  ^g.  8.) 

0.  inornatus,  Gabb,  Proc.  Acad.  N.  S.  Phil.  1872,  p.  272,  pi.  ix. 
f.  3,  4 ;  Trans.  Amer.  Phil.  Soc.  vol.  xv.  p.  234. 

To  whatever  genus  this  shell  may  be  assigned,  I  have  little  doubt 
of  its  near  alliance  to  Bo$tellaria  macroptcra,  Lam.  (Stnmbus  am- 
plus,  Brander),  of  the  European  Eocene  (Sow.  Miu.  Conch.  voL  v. 
p.  177,  tab.  ccxeviii.,  cexcix.,  and  occ).  The  description  of  that  shell 
by  Sowerby  might,  with  a  few  alterations,  be  taken  for  that  of  our 
species,  even  to  the  remarks  as  to  the  state  of  preservation  of  the  fossil. 
The  differences  appear  principally  to  be  that  in  0.  inomatuB  the 
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spire  is  usually  more  concealed,  while  the  wing  is  not  bo  much  ex- 
tended ;  the  young  shells  of  this  species  are  also  much  less  elongate 
in  their  proportions.  There  may  be  other  differences ;  but  the  spe- 
cimens in  the  Geological  Society's  collection  do  not  enable  me  to 
speak  with  certainty  of  them,  as  no  example  is  perfect.  One  (in 
fragments)  attained  the  dimensions  of  at  least  six  inches  long  and 
four  wide. 

29.  SrHomus  haitetsis,  Sow.  G.  J.  vol.  vi.  p.  48,  pi.  ix.  ftg.  7. 
Gabb  regards  this  as  being  8.  bituberculatus,  Sow. 

30.  Strombtts  pboximtjs,  Sow.  G.  J.  vol.  vi.  p.  48,  pi.  ix.  fig.  8. 

Strombus  pugilis,  C.  Moore. 

pugtloides^  Guppy. 

ambiguus,  Sow. 

In  his  synonymy  of  S*  pugilis,  Gabb  includes  the  following : — am- 
biguus, Sow. ;  bifrons,  Sow. ;  and  pugilis  (  —pugiloides,  Guppy). 

Whilst  admitting  much  truth  in  Gabb's  rectification,  I  cannot  go 
so  far  as  to  regard  S.  bifrons  as  a  synonym  of  either  8.  pugilis  or 
8.  proximus. 

In  Geol.  Mag.  1874,  p.  433, 1  have  given  what  I  consider  good 
reasons  for  separating  the  fossils  formerly  regarded  by  Mr.  Carrick 
Moore  and  myself  as  S.  pugilis  under  a  distinct  name,  and  I  pro- 
posed that  of  pugtloides.  I  am,  however,  after  an  examination  of 
the  types  in  the  Geological  Society's  collection,  prepared  to  agree 
that  S.  proximus  and  8.  ambiguus  are  not  separable  from  the  Strom- 
bus  pugilis  of  Carrick  Moore  and  myself.  One  of  Sowerby's  names 
(being  prior)  must  therefore  take  the  place  of  my  name  pugtloides ; 
and  the  name  proximus  may  be  allowed,  to  indicate  the  position  of 
the  species  so  near  to  the  recent  8.  pugilis. 

31.  Strombus  bifboks,  Sow.  G.  J.  vol.  vi.  p.  48,  pi.  ix.  fig.  9. 

I  prefer  to  retain  this  name  for  the  specimens  which  resemble 
Strombus  dUatatus  and  columba  more  than  pugilis. 

32.  Mvbex  DOimrGENsis,  Sow.  G.  J.  vol.  vi.  p.  49,  pi.  x.  fig.  5. 
Gabb  notes  the  relationship  of  the  species  to  M.  haustellum.    To 

my  eye  its  nearest  kindred  is  M.  messorius,  Sow.,  a  West-Indian 
recent  species  by  no  means  very  close  to  M.  haustellum. 

I  cannot  decide  if  M.  antillarum,  Gabb,  is  distinct  from  M. 
domingensis,  Sow. 

33.  Mxtbbx  coRNXJBECTUs,  n.  sp.    (PI.  XXVIII.  fig.  4.) 
Ovate-turreted,  with  three  varices,  which  are  nearly  continuous, 

and  stout  revolving  ridges  accompanied  by  finer  lines;  two  or 
occasionally  three  variciform  tubercles  between  each  varix ;  varices 
fringed  by  subtubular  spines,  of  which  the  one  corresponding  to  the 
keel  on  the  angle  of  the  whorls  is  much  the  longest.  Aperture  oval, 
the  inner  margin  callous,  the  outer  margin  dentate,  the  dentations 
running  in  pairs.    Canal  moderately  long  and  slightly  curved. 
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Nearly  related  to  M.  cornucervi,  Mart.  (=  brevifrons  =  M.  <wJ- 
cttrapa  of  some  authors). 

34.  Mttbex  textilis,  Gabb.    (PL  XXIX.  fig.  1.) 

Murex  textilis,  Gabb,  Trans.  Amer.  Phil.  Soc.  vol.  xv.  p.  202. 

This  species  is  a  member  of  the  group  Pteronotus,  and  is  allied  to 
the  following  species,  and  more  closely  to  the  first  named  than  either 
of  the  others : — 

M.  festivus,  Hinds,  Voy.  Sulph.  pi.  iii.  figs.  13,  14. 

M.  pinniger,  Brod. ;  Wood,  I.  T.  Suppl.  Murex  4. 

M.  tripterus,  Born ;  Reeve,  C.  I.  Murex  55. 

M.  macropteron,  Desh. ;  Eeeve,  C.  I.  Murex  123. 

M.  garnbunsis,  Eeeve. 

M.  cyclopterus,  Millet,  J.  Conch.  1875,  p.  147. 

Under  M.  textilis,  Gabb,  I  include  M.  compactus,  Gabb. 

35.  Tbophon  dominicenbis,  Gabb,  I.  c.  p.  202. 

The  description  of  this  species  seems  not  to  bo  inapplicable  to 
Murex  collatus,  Guppy  (Geol.  Mag.  1874,  p.  433,  pL  xvi.  fig.  8),  and 
may  refer  to  the  same  species.  There  is  a  specimen  of  Trcphcn  in 
the  Society's  collection  upon  which  I  cannot  venture  to  decide,  as  it 
seems  different. 

36.  Typhis  alattts,  Sow.  G.  J.  vol.  vi.  p.  48,  pi.  x.  fig.  4. 

I  have  recorded  this  species  from  the  Miocene  of  Jamaica  and  the 
Pliocene  of  Trinidad. 

The  form  described  by  Gabb  as  T.  obesus  is  represented  in  the 
Society's  collection;  and  I  have  it  also  from  Jamaica;  it  is  not 
specifically  distinct  from  T.  alatus. 

37.  Banella  cbassa,  Dillw.  G.  J.  voL  xxii.  pi.  xviii.  fig.  9. 

38.  Tbiton  domingbnsis,  Gabb,  pi.  B.  fig.  2. 

Triton  domingeiisis,  Trans.  Amer.  Phil.  Soc.  vol.  xv.  p.  212. 

39.  Tbiton  vabieqatub,  Lam. 

40.  Tbiton  femoraus,  linn. 

41.  Tbiton  gbmmatus,  Reeve. 

42.  Pebsona  simillima,  Sow.  G.  J.  vol.  vi.  p.  48. 

Persona  simiUima,  Guppy,  G.  J.  vol.  xxii.  pi.  xvii.  fig.  13. 

Gabb  remarks  on  the  alliance  of  this  species  with  P.  constricta  of 
the  west  coast  of  America.  It  is,  however,  as  near  to  the  recent 
Persona  reticularis,  linn.,  found  somewhat  rarely  in  the  West  Indies, 
and  to  P.  elathrata,  a  closely  related  form  from  the  east  coast  of 
Africa  (Madagascar)  and  Ceylon. 
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43.  Tubbinellus  (Latibus)  infundibulum,  Gmel. 

Gabb  describes  as  new  species  four  forms.  I  entertain  doubt 
whether  they  are  distinct  from  the  above ;  but  want  of  material 
prevents  me  from  speaking  with  certainty. 

44.  TtTBBINELLUS  .BDIPICATU8,  n.  8p.      (PI.  XXVIII.  fig.  5.) 

Shell  solid,  rimate,  very  shortly  fusiform,  spire  high,  composed  of 
seven  or  eight  whorls  adorned  with  strong  longitudinal  ribs  each 
terminating  on  the  angle  in  a  subtubular  spine,  and  with  numerous 
close  spiral  ridges,  which  are  crossed  by  fine  squamose  lines  of  growth. 
Aperture  narrow;  inner  lip  covered  with  a  thick  callus  bearing 
about  four  plaits. 

Nearest  to  T.  capitellum,  Lam.  (Kien.  Coq.  Viv.  Turbinella,  pi. 
12).     Indian  Seas. 

This  species  seems  very  different  from  any  noticed  hitherto.  I 
have  endeavoured  to  identify  it  with  one  of  Gabb's  descriptions,  but 
without  success,  and  therefore  assign  it  provisionally  a  new  name. 
I  am  not,  however,  without  a  suspicion  that  the  specimens  called 
Vasum  haitense  by  Gabb  belong  to  this  species,  while  his  V.  tubercu- 
latum is  really  the  T.  haitensis  of  Sowerby. 

45.  Tttrbinellus  v audits,  Sow.  G.  J.  vol.  vi.  p.  50. 
Allied  to  T.  scolymus. 

46.  Tubbinbllus  ovoideus,  Kiener. 

47.  TuHBINELLTTS  HAITENSIS,  Sow.      (PI.  XXIX.  fig.  3.) 

TurbinelluB  haitensis,  Sow.  G.  J.  vol.  vi.  p.  50. 
I  think    Vasum  tuberculatum,  Gabb,  may  be  referable  to  this 
species. 

48.  Fasciolabia  sbmistbiata,  Sow.  G.  J.  vol.  vi.  p.  49. 
Fasciolaria  semistriata,  Guppy,  G.  J.  vol.  xxii.  pi.  xvi.  fig.  12. 

I  can  detect  no  difference  between  F.  intermedia  and  F.  semi- 
striata.  The  papillary  apex  noticed  by  Sowerby  as  a  character  of 
the  former  is,  as  Gabb  remarks,  simply  the  single  nuclear  whorl. 
It  may  have  originally  existed  in  the  specimens  assigned  to  F.  semi- 
striata.  This  species  (including  F.  intermedia)  is  allied  to  F.  tulipa. 
F.  textilisy  Guppy  (Geol.  Mag.  1874,  p.  410,  pi.  xvi.  fig.  5)  is  nearer 
to  F.  filamenU>8a,  but  is  more  ovoid  in  shape,  and  is,  indeed,  almost 
intermediate  between  the  groups  designated  as  Turbinellus  and 
Fasciolaria,  which,  together  with  Pyrula  (  =  Cassidulus  of  some 
authors,  but  excluding  FicuJa),  may  in  a  large  sense  be  considered 
as  subgenera  of  Fusus.  Another  species  of  Fasciolaria  found  in  the 
West-Indian  Miocene,  but  not  yet  recorded  from  Haiti,  is  F.  Tar- 
beUiana,  Grat. 

49.  Ptbula  melongena,  Linn. 

P.  consors,  Sow.  G.  J.  vol.  vi.  p.  49. 

Gabb  considers  that  P.  patula  is  conspecific.    I  have  doubts 
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whether  they  ought  to  be  bo  regarded,  though  unquestionably  nearly 
allied.  A  reexamination  of  the  Haitian  fossil  revealed  to  me  some 
difference  in  the  surface  characters  of  the  Miocene  and  recent  shells. 

50.  Fvbvb  hbnekbni,  Sow.     (PL  XXVIII.  figs.  2  &  6.) 

Fusus  heneJceni,  Sow.  G.  J.  vol.  vi.  p.  49. 

An  examination  of  Sowerby's  F.  haitensis  proves  that  it  is  only 
an  individual  form  of  F.  heneJceni.  Similar  variations  occur  in  the 
recent  analogue  of  the  species,  F.  distant,  Lam. 

51.  Cuma  tectum,  Kiener. 

This  shell  is  well  represented  in  the  Geological  Society's  collection. 

52.  Phos  Gxtppyi,  Gabb,  I.  c.  p.  212. 

Phos  erectus,  Guppy,  Geol.  Mag.  1874,  p.  410,  pL  xvi.  fig.  1. 

53.  Phos  elegans,  Guppy,  G.  J.  vol.  xxii.  p.  290,  pL  xvi.  fig.  13. 

Gabb  makes  this  a  synonym  of  P.  veraguensis,  Hinds,  which  I  am 
not  prepared  at  present  to  indorse ;  but  I  concur  with  him  in  re- 
garding P.  Moorei  as  a  form  of  P.  elegans.  I  should  go  a  step 
further  and  unite,  under  the  name  of  P.  elegans,  the  forms  described 
by  Gabb  as  P.  costatus  and  P.  semicostatus.  The  Ifassa  solidula  of 
the  West-Indian  Miocene  appears  to  be  distinct ;  but  it  is  not  re- 
corded from  Haiti. 

54.  Nassa  incrassata,  Mull. 

55.  Clea  truncata,  Gabb.    (PI.  XXIX.  fig.  6.) 

Ectracheliza  truncata,  Gabb,  Proc.  Acad.  N.  S.  Phil.  1872,  p.  271, 
pi.  ix.  fig.  2 ;  Trans.  Amer.  Phil.  Soc.  vol.  xv.  p.  213. 

The  new  genus  Ectracheliza,  described  by  Gabb,  appears  to  me 
identical  with  Clea,  Adams,  of  which  the  type  Clea  nigricans,  Adams, 
was  figured  in  Gen.  Moll.  vol.  ii.  p.  625,  pi.  exxxvii.  fig.  8.  The 
two  species  agree  in  general  form,  in  the  truncation  of  the  apex,  and 
even  in  the  presence  of  an  impressed  more  or  less  double  spiral  line 
below  the  suture.  The  fossil  C.  truncata  appears  to  differ  from  the 
recent  C.  nigricans  chiefly  in  the  following  respects : — Hie  latter  has 
a  more  vertical  aperture,  the  outer  lip  not  being  so  prominent  an- 
teriorly ;  and  its  columella  is  rather  more  strongly  twisted. 

The  genus  is  with  little  doubt  closely  related  to  Planaxis,  forming 
one  of  the  links  of  connexion  between  Oliva  and  the  other  members 
of  the  Buccinidce.  Another  species  which  may  be  compared  with 
Clea  truncata  is  the  Quoyia  decollata  of  Gray  (Reeve,  EL  Conch. 
vol.  i.  p.  63,  pi.  iii.  fig.  18),  which,  besides  other  differences,  has  a 
considerably  higher  spire. 

56.  Crepitacella  crpula,  Guppy. 

Melanopsis  cepula,  Guppy,  G.  J.  vol.  xxii.  p.  580,  pL  xxvi. 
fig.  14. 
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OrepitaceUa  cepula,  Guppy,  Geol.  Mag.  1867,  p.  500. 

Xhlophanes  melanoidts,  Gabb,  Proc.  Acad.  N.  S.  PhiL  1872, 
p.  273,  pi.  xi.  fig.  7 ;  Trans.  Amer.  Phil.  Soc.  vol.  xv.  p.  234. 

After  a  careful  examination  no  doubt  remains  on  my  mind  of  the 
correctness  of  the  above  synonymy,  which  is  suggested  by  Prof.  Gabb 
xumself.  The  points  of  difference  which  he  notices  are  not  constant, 
as  I  have  ascertained  by  the  inspection  of  a  series  of  specimens  from 
Jamaica, 

57.  Tbrbbra  btoctfbra,  Sow.  G.  J.  vol.  vi.  p.  47.  (PI.  XXIX. 
fig.  8.) 

T.  bipartite,  Sow. 

T.  incequalis,  Sow. 

Gabb  considers  T.  sulcifera  to  be  identical  with  T.  robusta,  Hinds. 
After  an  examination  of  the  numerous  specimens  in  the  Society's 
collection,  I  can  establish  no  constant  differences  between  the  indi- 
viduals described  under  the  three  above-quoted  names  by  Sowerby. 

T.  jkimmea  is  included  by  error  in  our  list  of  West-Indian  Miocene 
fossils. 

58.  Cassis  siocipeka,  Sow.  G.  J.  vol.  vi.  p.  47,  pi.  x.  fig.  1. 

59.  Cassis  mokilifera,  Guppy,  G.  J.  vol.  xxii.  p.  287,  pi.  xvii. 
fig.  8. 

C.  redusa,  Guppy,  Geol.  Mag.  1874,  p.  434. 

Gabb  identifies  this  species  with  G.  granulosa ;  and  I  find  a  very 
dose  resemblance  between  them.  But  C.  monilifera  is  distinguished 
by  its  varices,  which,  however,  are  wanting  in  the  form  I  have 
called  C.  redusa;  and  the  latter  is  moreover  devoid  of  the  row  of 
tubercles  on  the  angle.  The  species  is  as  near  to  C.  subulosa  (Mio- 
cene of  Europe)  as  to  G.  granulosa. 

60.  Cassidaiua  letigata,  Sow.  G.  J.  vol.  vi.  p.  47,  pi.  x.  fig.  2. 

Gassidaria  sublcevigata,  Guppy,  G.  J.  vol.  xxii.  p.  287,  pi.  xvii. 
fig.  10. 

While  agreeing  with  Gabb  that  G.  sublcevigata,  Guppy,  is  only  a 
variety,  I  may  mention  that  it  is  a  distinguishable  form.  Examples 
of  it  were  separated  in  the  Geological  Society's  collection  by  Mr. 
Carrick  Moore  as  G.  laevigata,  var. 

61.  Ohiscta  doktngensis,  Sow.  G.  J.  voL  vi.  p.  47,  pL  x.  fig.  3. 

62.  Malea  camttra,  Guppy,  G.  J.  vol.  xxii.  p.  287,  pi.  xvii.  fig.  9. 
Gabb  regards  this  as  identical  with  M.  ringens,  Swains,  (latilabris, 

Val.). 

63.  Ficttla  M88I88IPIENSI8,  Conr.  Journ.  Phil.  Acad.  2nd  ser.  vol.  i. 
p.  117. 

F.  earbasea,  Guppy,  G.  J.  vol.  xxii.  p.  580,  pi.  xxvi.  fig.  7. 
Pound  also  in  the  Miocene  of  Jamaica  and  Trinidad. 
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64.  COLTTMBELLA  VENU8TA,  Sow.  G.  J.  Vol.  vi.  p.  46,  pi.  ix.  f.  6. 

For  this  species  Gabb  creates  a  new  genus  MetuUlla,  in  which  be 
includes  another  shell  found  by  him  in  the  Haitian  Miocene  and  de- 
scribed as  MetuleUa  fusiformis,  Gabb,  a  figure  of  which  is  given  by 
him  in  Journ.  Acad.  N.  S.  Phil.  1872,  pi.  xi.  f.  3. 

65.  Columbella  gradata,  Guppy,  G.  J.  toI.  xxii.  p.  288,  pL  xvi. 

f.  10. 

I  am  inclined,  upon  a  reexamination  of  the  fossils,  to  consider 
C.  ambigua,  Guppy,  as  only  a  marked  variety  of  C.  gradata ;  and  I 
should  include  under  the  same  name  tho  Strombi$ia  earibaa  of  Gabb. 
The  Cumana  specimens  of  C.  gradata  exhibit  all  tho  characters  as- 
cribed by  Gabb  to  his  S,  caribou,  including  the  Banella-Kkd  flatten- 
ing, which  is  less  pronounced  in  the  Jamaican  examples,  and  not  found 
at  all  in  the  form  called  C.  ambigua.  I  further  doubt  if  C.  inflate, 
Gabb,  is  separablo  from  C.  gradata. 

66.  Columbella  nATTENsis,  Sow.  G.  J.  vol.  vi.  p.  46. 

From  the  description  I  should  suppose  that  C.  drifts,  Gabb,  may 
be  comprised  under  this  name. 

67.  Ouva  cyltndrica,  Sow.  G.  J.  voL  vL  p.  45. 

1  cannot  find  any  sufficient  characters  upon  which  to  base  a  sepa- 
ration into  distinct  species  of  the  Olives  found  in  the  West-Indian 
Miocene.  Some  of  them  approach  more  or  less  closely  to  0.  reticu- 
laris ;  but  I  am  not  sure  of  their  specific  identity.  One  of  my  spe- 
cimens of  0.  cylindrica  from  Jamaica  is  more  than  3£  inches  long, 
and  has  lost  about  £  inch  of  its  spiro.  Gabb  names  five  other  species ; 
but  I  can  give  no  certain  opinion  as  to  their  validity. 

Gabb  describes  under  the  name  of  Plochelaa  crassUabrum  (Proc 
Acad.  N.  S.  Phil.  1872,  p.  971,  pi.  xi.  f.  5)  a  form  of  Olive  which  I 
have  not  met  with. 

68.  Ancillaria  glandiformis,  Lam. 

I  am  not  certain  of  the  distinctness  of  my  A.  pinguis  (Jamaica) 
from  this  species. 

69.  Pletootoma  haitbnsis.  Sow.  G.  J.  vol.  vi.  p.  50. 

P.  Barrettiy  Guppy,  G.  J.  vol.  xxii.  p.  290,  pi.  xvii.  f.  6. 

Gabb  considers  P.  haitensis  to  bo  the  same  as  P.  vi/v/o,  and  includes 
in  the  synonymy  (besides  P.  Barntti)  P.  JelsJcii,  Crosse,  and  P.  an- 
tillarum,  Crosse. 

70.  Pleurotoma  hrxrkrni,  Sow.  G.  J.  vol.  vi.  p.  50,  pL  x.  f.  6. 

P.  jaquense,  Sow.  I.  e.  p.  51. 

I  concur  with  Gabb  in  the  fusion  of  tho  above  two  specific  names ; 
and  I  would  add  his  P.  hngicaudata  and  P.  humcroM  to  the  syno- 
nymy. 
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71.  Pleubotoma  veotsia,  Sow.  G.  J.  voL  vL  p.  50,  pL  x.  t  7. 

M v  P.  jamaicensis  may  possibly  be  referred  to  this  species  as  a 
small  and  marked  variety.  The  Hying  analogue  of  this  species  ap- 
pears to  be  P.  gibbosa,  Chemn. 

72.  Pleubotoka  cohsobs,  Sow-  G.  J,  voL  vL  p.  50.    (PL  XXVIII. 
%  7.) 

I  cannot  undertake  to  say  that  this  is  identical  with  P.  miltiaris, 
Hinds,  though  Gabb  considers  it  so.  The  likeness  was  remarked  by 
Sowerby. 

73.  Plbttrotoma  squamosa,  Gabb,  Trans.  Amer.  Phil.  Soc.  voL  xv. 
p.  208.    (PL  XXIX.  fig.  7.) 

There  is  one  example  of  this  species  in  the  Geological  Society's 
collection.  The  sculpture  is  very  remarkable.  Several  other  forms 
of  PUurotoma  are  named  by  Gabb ;  but  I  have  seen  none  which  may 
not  be  referred  to  one  or  other  of  the  above  five  species,  which  are 
well  marked  and  decidedly  distinct. 

74.  Clavatula  labiata,  Gabb,  Trans.  Amer.  Phfl.  Soc.  vol.  xv.  p.  209. 

(PL  XXVm.  fig.  3.) 

Near  to  O.  irnperialis,  Lam.    West  Africa. 

75.  Coots  bboognthts,  Guppy. 

C.  solidus,  Sow.  G.  J.  voL  vi.  p.  45 ;  Guppy,  G.  J.  voL  xxii.  pi. 
xvL  fig.  1. 

Gabb  identifies  this  with  C.  pyriformis,  Beeve.  The  O.  solidus 
of  Sowerby  (Thes.  Conch.  580,= O.  retifer,  Menke)  is  a  different 
species,  very  unlike  the  Haitian  shelL 

76.  Coots  coxsobbiots,  Sow.  G.  J.  voL  vi.  p.  45;  Guppy,  Geol.  Mag. 

1874,  pL  xvii.  f .  3. 

C.  granozonatus,  Guppy,  G.  J.  vol.  xxii.  p.  287,  pL  xvi.  f .  5. 

Prof.  Gabb  has  so  conscientiously  worked  out  the  Haitian  Cones 
that  I  accept  this  rectification,  which  otherwise  would  have  appeared 
tp  me  difficult.  The  figure  given  by  me  in  the  Geological  Magazine 
is  fairly  representative  of  the  usual  form. 

77.  Coots  catbnatus,  Sow.  G.  J.  vol.  vi.  p.  45,  pi.  ix.  f.  2. 

<7.  interstinctus,  Guppy,  G.  J.  vol.  xxii.  p.  288,  pL  xvi.  f .  3. 

C.  stenostoma,  Sow.  G.  J.  vol.  vL  p.  44;  Guppy,  G.  J.  vol.  xxii 
p.  287,  pL  xvi.  f.  2. 

Gabb  records  C.  stenostomus  as  distinct  from  (7.  catenatus ;  but  I 
find  great  difficulty,  on  comparison  of  many  specimens,  in  drawing 
the  line  of  demarcation. 


78.  Coots  grachjssiots,  Guppy,  GeoL  Journ.  voL  xxii.  p. 
pL  xvi.  £  4. 

Gabb  refers  this  to  C.  Orbignyi,  Audouin  (C.  planicoitatus,  Sow.) 
Q.J.G.S.  No.  128.  2o 
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It  bears  much  likeness  to  a  shell  recently  described  by  Sowerby  as 
C.  gracilis  (Zool.  Proc.  1875,  p.  125,  pL  xxiv.  f.  6). 

79.  Coinrs  maboinatub,  Sow.  G.  J,  vol.  vi  p.  44.    (PL  XXTX.  fig.  5.) 
I  believe  the  specimens  from  Cumana,  which  I  formerly  attributed 
to  C.  haiten$i$,  really  belong  to  C.  warginaixu — a  mistake  due  to. 
want  of  figures. 

86.  Cojnrs  plajttlibatus,  Sow.  G.  J.  vol.  vi.  p.  44. 

C.  planiliratus,  Guppy,  G.  J.  vol.  xxii.  p.  287,  pL  xvi.  L  7. 
Gabb  identifies  this  with  C.  Sttarnsi,  Conrad,  Florida. 

81.  Coinrs  haitbitsis,  Sow.  G.  J.  vol.  vi.  p.  44. 

C.  symmetricui,  Sow.  I.  c.  p.  44,  pL  ix.  f.  1« 

(7.  domingcnsu,  Sow.  I.  e.  p.  45. 

I  adopt  the  above  synonymy  from  Prof.  Gabb.  The  shell  de- 
scribed by  me  as  C,  prototypu*  may  possibly  be  the  same  as  C. 
8trombiformis,  Gabb. 

Of  the  other  species  of  Conus  enumerated  by  Prof.  Gabb  I  have 
no  knowledge.  All  the  West-Indian  Miocene  forms  I  have  seen 
may  be  assigned  to  one  or  other  of  the  species  named  above— though, 
owing  to  the  great  range  of  variation,  some  difficulty  is  sure  to  be 
felt  until  the  student  has  obtained  a  closer  acquaintance  with  these 
fossils. 

82.  Mtxba  Hehsksni,  Sow.  G.  J.  voL  vi.  p.  46,  pi.  ix.  f .  5. 

1  have  recognized  no  other  Mitre  than  this  in  the  West-Indian 
Miocene ;  and  I  should  be  inclined  to  place  under  it  most,  if  not  all, 
of  the  forms  described  by  Gabb  under  different  specific  names — the 
only  exception  being  M.  tortuosa,  which  Prof.  Gabb  states  to  belong 
to  the  group  CosteUaria,  Swains.,  and  to  be  akin  to  M,  semifasdata, 
Lam.  The  M.  varicom  of  Sowerby  has  not  been  identified  either  by 
Prof.  Gabb  or  myself.  It  is  possible  that  M.  titan,  Gabb,  may  be 
a  valid  species. 

83.  Yoluta  puxoHBLLA,  Sow.  G.  J.  vol,  vi.  p.  46,  pL  0.  f.  4. 

Gabb  is  right  in  considering  V.  ioror,  Sow.,  to  belong  to  this  spe> 
cies.    It  has  no  characters  by  which  even  to  separate  it  as  a  variety. 
I  have  not  met  with  Scajpha  striata,  Gabb. 

84.  Margutella  ooxifokmis,  Sow.  G.  J.  vol.  vi.  p.  45;  Guppy,  G.J. 

vol.  xxii.  p.  288,  pL  xvii.  f.  2. 

85.  Mabginella  Sowerbyi,  Gabb,  Trans.  Amer.  Phil  Soc.  vol.  xv. 
p.  221.    (PI.  XXVm.  fig.  1.) 

86.  Cypilea  Hxnekeki,  Sow.  G.  J.  vol.  vi.  p.  45,  pi.  ix,  fig.  3, 

87.  Ctpbjza  Gabbiaka,  n.  sp.    (Plate  XXIX.  fig.  10.) 

The  cowry  for  which  I  propose  the  above  name  has  hitherto  been 
considered  by  me  to  be  (7.  pustulata,  and  bu  been  identified  by 
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Gabb  a9  C.  nucleus.  I  think  it  may  be  regarded  as  intermediate 
between  those  two  species;  and  it  presents,  I  think,  some  characters 
which,  combined  with  its  distance  in  time  and  space  from  its  nearest 
congeners,  may  warrant  a  provisional  specific  name  i — 

Oral-elongate,  rostrated  at  both  ends,  superiorly  covered  with 
large  shining  tubercles,  which  are  almost  circular  upon  the  bade, 
but  become  elongate  and  have  a  tendency  to  run  into  ribs  near  the 
thickened  and  regularly  grooved  lip,  whose  dentations  are  continuous 
with  the  ribs  on  the  outside.  A  dorsal  groove  separates  the  baek 
into  two  nearly  equal  halves. 

The  tubercles  are  larger  than  those  of  0.  muileui, 

88.  Calliostoma  oohicum,  Gabb,  1.  c.  p.  243. 

I  possess  a  shell  from  the  Miocene  of  Jamaica  which  may  belong 
to  this  species.  It  differs  from  Gabb's  description  in  having  beaded 
ribs,  of  which  the  one  on  the  angle  of  the  whorls  is  largest  The 
shells  described  by  me  from  the  Pliocene  of  Trinidad  under  the 
names  Troehus  decipien*  and  plicomphalus  are  nearly  allied. 

A  critical  examination  of  the  species  of  this  section  of  Twhuf 
found  in  the  West-Indian  area  is  much  needed.  They  are  very  rare ; 
but  a  few  are  occasionally  found,  The  present  shell  resembles  some 
of  the  European  Miocene  forms,  e.  g.  T.  laureatus,  Mayer,  and 
T.  PauluccicB,  Mayer. 

I  do  not  recognize  the  Margarita  tricarinata  nor  the  4dto*U9 
earinata  among  the  Haitian  fossils.  It  has  occurred  to  noe  that  one 
or  both  of  them  belong  to  the  species  described  by  me  as  Cydo- 
Btrema  bicarinatum ;  but  I  can  speak  with  no  certainty  on  this  point. 

89.  Phobtts  delectus,  n.  sp.    (Plate  XXVIII.  fig.  10.) 

Shell  conical,  umbilicate,  whorls  sharply  angulated  below,  form* 
ing  a  very  concave  base,  and  bearing  on  the  periphery  a  keel  carry- 
ing obtuse  tubercles.  Upper  surface  covered  with  close  undulated 
ridges,  occasionally  dichotomous  or  anastomosing,  and  running  in  a 
more  or  less  spiral  direction,  but  directed  rather  towards  the  outer 
margin.  Base  concave,  covered  with  spiral  rows  of  small  grains.  - 
I  do  not  feel  sure  that  this  is  the  shell  indicated  by  Prof,  Gabb 
under  the  name  of  Phorus  agglutinans,  Lam.  It  is  certainly  very 
different  from  the  Eocene  P.  agglutinans,  and  it  is  apparently  suffi- 
ciently distinct  from  the  living  Phorus  of  the  West  indies  (whose 
name  is  properly  P.  conchyliopTwrus)  to  deserve  a  specific  appella- 
tion. 

90.  Tbbedo  tootla,  Lea,  ?«bKufht7b  utcbassahts,  Gabb. 

91.  Cobbula  vnciKBA,  Guppy,  G.  J.  vol.  xxii.  p,  293,  pi,  wrifr. 
fig.  11. 

Boihroeorbula  viminsa,  Gabb,  Proc.  Acad.  N.  6.  Phil.  1872,  p,  2T4, 
pi.  x.  ^g.  3. 

The  new  genus  Boihroeorbula  of  Gabb  is  founded  upon  this  species, 
and  may  possibly  pass  as  a  subgenus  or  section. 

2o2 
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92.  Cobbttla  vota,  Gappy,  G.  J.  vol.  xxii.  p.  580,  pL  xxvLSg.  8. 

According  to  Gabb  this  is  C.  disjtarUis  of  D'Orbjgn^    J^J 
prepared  to  assert  the  specific  identity  of  the  recent  with  the  food 
shell,  although  the  latter  is  found  in  the  Eocene,  Miocene,  and  Plio- 
cene of  the  West  Indies.  .    , 

Gabb  records  three  other  species  of  CorJiito,  of  whicn  .one  is  de- 
scribed as  new. 
98.  Nksra  objtatissiica,  D'Orb. 

It  is  possible  that  to  thisspecies  may  be  wferred the  *^*>™*^ 
regardedby  me  as  N.  costeXlata,  Desh.  Gabb  (I  think,  rightly) re- 
gards  as  synonymous  the  N.  alternate  of  D'Orbigny. 

94.  Thlliwa  biplicata,  Conrad,  Tertiary  Fossils,  p.  38,  pL  xix. 

fig.  4. 
T.  Sagrce,  D'Orb.  Pal.  Cuba.  m     . 

Allied  to  T.  inUrstrialis,  T.  $obraUnsis,  and  T.  ephippiw** 
I  have  not  identified  with  certainty  any  of  the  other  IWwuf  re- 
corded by  Gabb.    This  one  is  not  mentioned  by  him. 

95.  Tbllidoba  chybialliha,  Chemn. 

This  is  recorded  by  Gabb,  who  identifies  a  Haitian  fossil  with  the 
west-coast  species  of  the  above  name.  I  mention  it  only  to  °baerve 
that  I  have  found  a  shell  in  the  West  Indies  which  is  nearly  allied, 
if  not  identical,  presenting  some  slight  though  constant  differences. 

98.  LuciNA  TiesiNA,  linn. 

97.  LucnrA  pekkstlvakica,  linn. 

98.  Crassdo&la  MABTnncHNsis,  D'Orb. 

:  OrassateUd  fnartinicensi*,  D'Orb.  Moll.  Cuba,  Vol.  ii.  p.  288,  pL 
xxvii.  figs.  21-23. 

C.  guaddupenns,  D'Orb.,  ib.  p.  289,  pi.  xxvii.  figs.  24-26. 
This  species  occurs  throughout  the  Miocene  and  Pliocene  beds  of 
the  West  Indies.  I  have  no  doubt  of  the  two  forms  named  by 
D'Orbigny  being  referable  to  one  species,  which  belongs  to  the  genus 
Oouldia  of  C.  B.  Adams.  The  name  Oouldia  having  been  used  for 
a  genus  of  birds,  I  proposed  in  1874  the  name  CrassineUa  to  replace 
it  for  these  shells. 

99.  Vxsnrs  paphia,  linn. 

100.  Vetus  Blakdiana,  Guppy,  GeoL  Mag.  1874,  p.  436,  pL  xvuV 
fig.  8. 

Allied  to  V.  rugosa. 

101'figBTrS  WooDWAEI)I>  Guppy,  O.  J.  vol.  xxii.  p.  292,  pi.  xviii. 
^^^ee1.04  ^V*0™1*  that  <**»«  Ouppyana,  Gabb,  belongs 
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Gabb  also  records  V.  magni/ica,  Hanley,  the  recent  analogue  of 
which  is  an  inhabitant  of  the  Philippine  Islands. 

102.  Cythbbea  jtocba,  Guppy,  G.  J.  vol.  xxii.  p.  582,  pt  xxvi 
fig.  13. 

Closely  related  to  C.  circinata,  with  which  Gabb  considers  it 
identical — a  view  which  I  am  not  prepared  to  controvert.  But 
should  we  not  add  O.  acuticostata  and  Tryoniana  of  Gabb,  although 
placed  in  a  different  section? 

103.  Ctthebea  cabbasea,  Guppy,  G.  J.  vol.  xxii.  p.  292,  pL  xviiL 
fig.  13. 

104.  Ctthebea  plaiovieta,  Guppy,  G.  J.  vol.  xxii.  p.  292,  pL  xviii 
fig.  3. 

The  figure  cited  is  taken  from  a  slightly  distorted  specimen. 

105.  Cabditjm  hatteksb,  Sow.  G.  J.  vol.  vi.  p.  52,  pi.  x.  fig.  11. 

106.  CABDroc  LnrevALBOios,  Guppy,  G.  J.  vol.  xxii.  p.  292,  pl» 
xviii.  fig.  7. 

Gabb  regards  this  as  identical  with  O.  8ubtlongatumy  Sow. 

107.  Cabdium  nrcoKSPicxruK,  Guppy,  G.  J.  vol.  xxii.  p.  293,  pL 
xviii.  fig.  12. 

Gabb  describes  another  species  under  the  name  O.  dominieeme; 
but  although  he  gives  it  nearly  60  ribs,  I  am  not  sure  that  it  is  dif» 
ferent  from  C.  inconspicuum. 

108.  Ebtcdta  tensa,  Guppy,  G.  J.  vol.  xxii.  p.  582,  pL  xxvi.  fig.  6. 
This  shell  was  described  by  me  from  beds  which  are  now  regarded 

as  Eocene.     Gabb  records  it  from  Haiti. 

109.  Cabdtta  scabbicostata,  Guppy,  G.  J.  vol.  xxii.  p.  293,  pL 
xviii.  fig.  10. 

110.  Chama  abctnella,  Lam. 

111.  Chama  involttta,  Guppy,  Geol.  Mag.  1874,  p.  436,  pL  xvii 
figs.  5  a,  b,  c. 

Some  enormously  thickened  and  heavy  examples  of  Ohama  in  the 
collection  appear  to  me  to  be  very  old  specimens  of  this  species. 

112.  Aboa  patbicia,  Sow.  G.  J.  vol.  vi.  p.  52. 

Undoubtedly  near  to  A.  grandis,  with  which  Gabb  identifies  it* 

113.  Abca  coNsoBBEfA,  Sow.  G.  J.  vol.  vi.  p.  62,  pi.  x.  fig.  12. 
Gabb  states  that  A.floridana9  Conr.,  is  a  synonym. 

114.  Abca  oocidehtalis,  Phil. 

A.  no<B,  Guppy,  G.  J.  vol.  xxii.  p.  293. 

I  am  not  sure  that  1  have  the  right  name  of  this  shell,  which  is 
determined  by  Gabb  to  be  A.  imbrtcata,  Brug. 
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Gabb  describee  three  other  Arks  $  and  we  hare  also  A*p€xttia  re- 
corded from  the  Haitian  Miocene. 

116.  PmrunouLtre  DBOussAtUB,  linn. 

This  appears  to  be  the  prior  name  of  the  species  formerly  re- 
Corded  by  me  as  P.  pennaceus,  Lam.  (Hanley,  lps.  linn.  Conch,  p.  96). 

116.  PftmnroTTLVs  AoimcoBf atus,  Sow.  G«  J.  voL  vi.  p.  63,  pL  x. 
%.  3. 

Of  Leda  and  Nucula  we  have  several  species  recorded  from  the 
West-Indian  Miocene;  but  I  have  not  recognized  any  of  them  among 
the  Haitian  fossils. 

117.  PjtCTEC  THBTIDIS,  Bow.  G.  J.  Vol.  vL  p.  52. 

118.  Prctbw  oxreoirus,  Bow.  G.  J.  voL  vi.  p.  52. 

P.  eaasperatus,  Gnppy,  G.  J.  vol.  xxii.  p.  294. 
I  agree  with  Gabb  in  the  above  rectification. 

119.  Pbcten  injbqualis,  Sow.  G.  J.  vol.  vi.  p.  52. 

Peeten  inmqudlisy  Gnppy,  G.  J*  vol.  xxii.  p.  294,  pi.  xviiL  fig.  6. 

120.  Ostrba  volginiga,  Gmel. 

121.  OSTBEA  HAITENSI8,  SOW.  G.  J.  Vol.  vi.  p.  53. 

Gabb  has  corrected  the  error  Into  which  I  fell  in  regarding  this 
aft  identical  with  the  preceding. 

122.  Ditbupa  dbntaunttm,  Guppy,  GeoL  Mag.  1874,  pi.  xvi.  fig.  11, 
and  1875,  p.  41. 


x  EXPLANATION  OF  THB  PLATES. 
Platb  XXVI1JL. 


Fig.  1.  Marginella  Sowerbyi. 

%  Fusus  Henekeni,  var.  hai- 
tends. 

3.  Clavatula  labiata. 

4.  Murez  oomureotui. 

&  Turbinellu*  ndifieatuf . 


Fig.  6.  Fusus  Henekeni,  type. 

7.  Pleurotoma  consors. 

8.  Orthaulax  inoraata, 

9.  Oanoellaria  epistomiiera. 
10.  Pborus  delectus. 


Puts  XXtx. 


Fig.  1.  Murex  texialis. 

%  Triton  domingensis. 

3.  Tufbinellut  haitensis. 

4.  Cerithiom  uniseriale. 
6.  Conua  marginatum 
6.  Olea  trunoata. 


Fig.  7.  Pleurotoma  squamosa. 
6.  Terebra  suloifera. 
9.  Cerithium  obesum. 

10.  qrpriea  Gabbiana. 

11.  Sigaretus  exoentriouf. 
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^j^  I.  On  the  Pbbhiahs  of  the  Nobxh-East  of  Englajcd  (at  their 
Souther*  Mahout)  and  their  Rblatjovs  to  tfo  thtdbb-  a*wj 
OTBBLTiKo  Formahojtb.  By  E.  Wilsof,  Esq.,  F.G.S.  (Bead 
June  21, 1876.) 

i  main  object  of  the  present  communication  is  to  bring  under  the 
rtice  of  the  Society  a  capital  section  (see  figure),  exposed  by  the 
reat  Northern  Company's  Derbyshire  Extension  line,  the  peculiar 
tercet  of  which  is  that  it  exhibits  the  whole  series  of  the  Permians 
this  district,  and  their  relations  to  the  under-  and  over-lying  for- 
ttions. 

The  section  begins  at  the  Hempshill  outting  near  Oinderhill,  and 
Ids  at  Kimberley  West  station.  It  bears,  roughly  speaking,  north- 
et  for  a  mile,  and  then  gradually  curves  round  and  bears  south* 
st,  and  throughout  corresponds  approximately  in  direction  with 
1  dip  of  the  red  rooks  exposed* 

Going  west  we  get  the  following  succession  of  strata : — 

•  Characteristic  mottled   and  obliquely  laminated  Lower  Bunter 

kndstone  (/'),  about  80  feet  exposed,  including  its  lower  brecciated 

portion.     The  breccia,  which  is  alternately  sandy,  marly,  and  calca- 

pous,  expands  near  mult  No.  1,  to  5  feet,  including  sandy  inter* 

gratifications,  but  locally  disappears  on  the  east,  where  it  becomes 

~  ry  difficult  to  separate  the  Lower  Bunter  from  the  next  under* 

;  deposit. 

The  brecoia  contains  semiangular  green,  blue,  and  purple  slates, 

ttore  or  less  rounded  grits,  quartzites,  quartz-breccia,  and  numerous 

^  white  and  discoloured  slabs  and  nodular  balls  of  fossiliferous  Carbo* 

jiferous-Limestone  chert.    Seeing  that  the  yellow  chert-balls  are 

"the  ohief  centres  of  cementation,  and  are  deeply  indented  by  the  ad* 

^Jiering  pebbles,  it  appears  probable  that  their  conversion  into  chert 

ifcook  place  after  being  deposited  in  the  breccia.    Beneath  the  breccia 

comes  a  series  of  comparatively  hard  red-and-yellow-mottled  and 

soft  grey  sandstones,  becoming,  after  exposure,  ohocolate-coloured,  in 

beds  1  inch  to  1  foot  thick,  obliquely  bedded,  and  containing  lenti- 

,  cular  purple  marls,  especially  in  their  lower  portions.    The  Hemps- 

55"  hill  upcast  shaft  passed  through  89  feet  of  strong  red  sandstone, 

52  nearly  all  of  which  must  represent  these  beds.    Similar  strata  were 

.^  first  noticed  by  myself,  several  years  ago,  in  Cinderhill  brickyard 

-*?  close  by,  as  something  different  from  typical  Lower  Bunter. 

The  question  arises,  what  are  these  beds  ?  Are  they  Permian  ? 
_  are  they  Bunter?  or  are  they  passage-beds  between  the  two? 
|p  little  importance  need,  I  think,  be  attached  to  the  breccia  as  a  line 
of  demarcation,  seeing  that  at  Kimberley  Knoll,  Aimesley,  and  else- 
where precisely  similar  deposits  are  met  with  at  higher  levels  in  the 
Lower  Bunter.  I  would  Buggest  that  they  form  a  connecting  link 
between  the  Permian  and  Bunter  formations  of  this  district,  and  are 
the  lateral  equivalents  of  the  lower  portion  of  the  Lower  Bunter* 
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At  Best  wood,  for  instance,  they  replace  all  but  8  or  10  feet  of  thai 
rock. 

Then  follow  ordinary  Upper  Permian  marls  («*)  with  &&sm& 
sandstones,  Ac. ;  thickness  in  Hempshill  upcast  21  feet  One  d 
these  sandstones  is  literally  covered  with  annelid-tracks. 

These  are  succeeded  by  Magnesian  Limestone  (**),  rising  ,wwi  U  a 
small  angle,  and  forming  a  dip  slope ;  when  these  beds  fall  west  soar 
Kimberley,  their  dip  also  governs  that  of  the  ground :  33  feet  •» 
exposed  in  the  vertical,  at  the  east  end  of  the  tunnel ;  and  this  raribe 
near  their  maximum  hereabouts.     I  call  particular  attention  to  tit 
indications  this  deposit  gives  of  the  proximity  of  land  on  the  m*L 
It  is  here  (».  e.  on  the  Great  Northern  Railway  line)  a  coarse-gtsxaed 
thin-bedded  yellowish  and  red  arenaceous  dolomite.  At  various  Wok 
and  sometimes  through  several  feet,  it  is  more  or  less  gritty,  aal 
even  becomes  finely  breccia  tod  and  conglomeratic.     (Similar  gr&J 
bands  are  met  with  in  the  new  Midland  line  west  of  BulweQ,  & 
disappear  going  north.)    There  are  also  partings  of  highly  micawwa 
laminated  soft  sand,  running  to  3  or  4  inches  thick,  and   oftea  £ 
small  intervals  apart.     Oblique  lamination  on  a  small  scale  ofat 
occurs.     Generally  in  connexion  with  the  gritty  bands,  the  r*k 
shows  numerous  cavities  and  casts  of  bivalves  (Schizodus  and  Jty6- 
lus)  difficult  to  determino  with  accuracy. 

Further  south  at  Strelley  and  at  Radford  Old  Engine  Houses  tb§ 
dying-out  Magnesian  Limestone  consists  of  red  flagstones,  with  odd 
pebbles  and  red  shales.  At  Wollaton  Old  Park  Farm  and  at  Bobben 
Mill  (south  of  Basford)  it  reposes  on  the  Lower  Permian  breccia; 
and  at  Bobbers  Mill  I  noticed,  while  the  Leen  sewerage  works 
were  in  progress,  that  in  the  course  of  a  couple  of  hundred  yards 
south  from  the  turnpike  gate  the  thinning-out  Magnesian  Limestone 
passes  from  an  ordinary  granular  dolomite  through  a  fine  to  a  coarse 
brecciated  rock,  which  seems  to  show  that  here,  at  any  rate,  ws 
have  reached  a  definite  point  on  the  original  south  margin  of  the 
Magnesian-Limestone  sea. 

Succeeding  with  perfect  conformity  the  Magnesian  Limestone, 
comes  a  series  of  thin-bedded  slate-coloured  sandstones  and  shales  («'). 
Inclusive  of  a  breccia  at  their  base,  they  maintain  along  the  Great- 
Northern-Railway  section  a  uniform  thickness  of  19  to  20  feet, 
which  (as  shown  at  a  point  on  the  section)  comprise  no  less  than 
75  different  beds  \"  to  8"  thick.  Several  of  the  sandstones  con* 
tain  a  large  amount  of  imperfect  plant-remains,  woody  stems  and 
lignite  permeated  with  iron  pyrites;  other  bands  are  covered  by 
annelid  markings ;  and  at  least  one  sandstone  shows  casts  of  Schi- 
zodus.    This  series  represents  the  Marl  Slate  of  Durham  &c 

These  beds,  which  with  the  overlying  limestone  are  traversed  by 
numerous  vertical  joints,  become  along  these,  as  also  along  some  of 
the  beds,  rusted  or  discoloured  light  yellow.  Supposing  the  blue 
colour  to  be  due  to  finely  disseminated  carbonaceous  matter  inter- 
mixed with  the  bisulphide  of  iron,  the  discoloration  is  most  pro* 
bably  due  to  the  production  of  the  sulphate  and  its  decomposition 
into  the  hydrous  peroxide,  though  the  same  result  may  bare  been 
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brought  about  by  the  peroxidation  of  the  carbonate  by  carbonic 
anhydride,  or  by  the  conversion  of  the  protoxide  into  the  hydrated 
peroxide  by  access  of  oxygen  introduced  in  water  finding  its  way 
from  above  along  the  joints.  In  the  three  lowest  feet  of  these  beds 
are  (locally)  incorporated  three  minor  brecciated  seams.  At  the 
base  of  all  comes  a  breccia  varying  in  texture  from  a  fine  siliceous 
sandstone  or  grit  a  few  inches  thick  to  a  coarse  and  massive  brecci- 
ated rock  4  feet  thick.  Its  upper  surface  frequently  exhibits  beauti- 
ful gently  swelling  ripple-marks.  Its  contained  fragments  are 
plainly  seen  to  be  largely  derived  from  the  fine  ferruginous  red  and 
yellow  coal-shales,  the  sandstones,  and  ironstones  of  the  neighbour- 
hood; there  are  also  angular  or  subangular  fragments  of  slate, 
quartz,  quartzite,  &c.  The  fragments  are  stuck-in  confusedly  at  all 
angles.  The  breccia,  as  also  the  overlying  sandstones  and  lowest 
Magnesian  limestones,  contain  many  geodes  lined  with  calc-spar 
and  iron  pyrites. 

It  will  be  seen  that  these  sandstones,  which  have  a  marl-slate 
facieB  and  horizon,  have  but  locally  this  character.  Going  south,  in 
a  couple  of  miles  they  thin  out  altogether,  and  the  breccia  comes  up 
against  the  base  of  the  degraded  and  dying-out  Magnesian  Lime- 
stone ;  while,  on  the  other  hand,  as  we  go  north  and  north-east 
to  Watnall,  Bestwood,  Linby,  Annesley,  Kirkby,  Skegby,  &c.,  they 
pass  into  a  series  of  shales  increasing  in  thickness,  with  subordinate 
bands  of  fine-grained  sandstone  and  compact  limestone.  These  beds, 
from  their  close  resemblance  in  colour  and  texture,  have  in  many 
instances  been  taken  for  coal-measures,  and  mapped  accordingly. 

Beturning  to  our  main  section,  we  find  that  the  breccia  rests  in  a 
series  of  very  gentle  undulations  on  a  planed-off  surface  of  coal- 
measure  shales,  sandstones,  &c.  (ds).  These  latter  beds  dip  in  a 
north-easterly  direction,  at  an  angle  of  fully  15°  (but,  as  the  railway 
section  is  there  running  about  N.E.  by  E.,  the  full  dip  is  not  exhibited 
in  the  face  of  the  cuttings).  At  one  point  a  fault  of  unascertained 
throw  crosses  tho  line,  affecting  coal-measures,  but  not  Permian s. 

Hence  it  will  be  observed  that  the  unconformability  between  the 
Coal-measures  and  the  Permian  is  most  pronounced. 

This  is,  I  am  aware,  nothing  new :  it  was  a  long  while  ago 
pointed  out  by  Sedgwick ;  and  colliery  observations  have  rendered  it 
a  matter  of  notoriety  in  the  Derby- Notts- Yorkshire  coal-field :  but 
never  before  has  there  been  in  this  district  such  a  splendid  above- 
ground  verification  of  the  view  that  an  enormous  lapse  of  time 
intervened  between  the  close  of  the  Coal-Measure  and  advent  of  the 
Permian  epoch  in  England,  accompanied  by  the  elevation  and  fold- 
ing of  the  strata,  not  only  along  east  and  west  (e.  g.  Pendle  and 
Cheshire  anticlinals),  but  also  north  and  south  (e.  g.  Pennine)  axes, 
and  by  the  sketching-out  of  the  great  coal-basins  by  denudation. 

The  general  tendency  of  the  breccia  (at  base  of  Permian)  to  expand 
westwards,  and  the  occasional  presence,  according  to  Sedgwick,  of 
Mountain-Limestone  pebbles  therein,  seem  to  indicate  the  existence 
of  a  barrier  of  high  ground,  and  perhaps  also  the  exposure  of  th* 
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Carboniferous  limestone  in  that  direction  daring  its  aocunuilafina*; 
but  surely  the  pre-Permian  elevation  and  denudation  of  the  Feasor 
axis  is  satisfactorily  demonstrated  by  the  above-  mentioned  overlap  rf 
Coal-measures,  dipping  east  at  so  high  an  angle,  by  Permian*  prao- 
tioally  horizontal.     The  total  absenoe  of  that  very  durable  rock  tat 
Magneerian  Limestone  at  any  distance  from  its  escarpment  (e.g.  wt 
of  the  Erewash)  indicates,  to  my  mind,  that  we  have  there  pssei 
beyond  its  original  margin  in  that  direotion,  a  margin  that  weaM 
probably  have  been  found  as  on  the  south,  had  it  not  happened  & 
lie  in  the  course  of  a  powerful  denudation.    The  great  diaaimilsrfy 
in  mineral  character  and  sequence  of  the  Permian  deposits  on  tk 
west  from  those  on  the  east  of  the  Pennine  axis  points  to  the  sua 
general  conclusion.    It  is  not  without  considerable  diffidence  mi 
reluctance  that  I  venture  to  differ  in  any  way  from  so  high  an  autho- 
rity as  Professor  Hull;  but,  with  all  due  deference,  I  must  aaytfcst 
I  cannot  help  considering  the  evidence  afforded  by  the  Bed- Hock  sao* 
Anticlinal  faults  near  Stockport,  and  advanced  by  him  in  proof  of  the 
pre-Permian  age  of  the  Pennine  axis,  to  be  at  best  equivocal.     Fee, 
as  I  apprehend  the  matter,  we  have  there  two  contiguous  and  parallel 
faults.     One  of  these,  the  Bed-Rock  fault  (A),  Professor  Hull  sop- 
poses  has  had  two  movements,  the  earlier  of  which  was  synchronous 
with  the  only  (local)  movement  of  the  other  or  Anticlinal  fault  (B); 
but  if  so  the  later  throw  of  A  was  the  greater  throw  of  A ;  and  yet 
that  movement  did  not  affect  B  in  the  slightest  degree — though,  being 
presumably  at  that  time  dislocated,  it  might  be  expected  that  if  they 
ever  acted  in  unison  they  would  do  so  then.     But  as  they  did  not 
do  so  then,  their  parallelism  does  not  prove  that  they  did  so  before ; 
and  the  old  objection  still  remains  that  A  faults  Bunter  fto.  and  B 
passes  under  without  affecting  it.  Hence  there  is  no  particular  reason 
for  believing  that  the  Anticlinal  fault,  or  by  consequence  the  Pennine 
system  to  which  it  belongs,  was  post-Permian.    That  there  was  an 
old  eaat-and-west  barrier,  as  enunciated  by  Jukes,  and  that  this 
barrier  divided  the  Lancastrian  and  Salopian  Permian  hydrogra* 
phical  areas,  as  so  ably  argued  by  Hull  (Q.  J.  G.  S. 1869),  I  do  not 
doubt — as  also  that  the  easterly  extension  of  that  barrier  may  be 
taken  to  explain  the  difference  between  the  Permian  deposits  of  Leices- 
tershire and  Notts,  and  the  southerly  degradation  and  attenuation 
of  the  latter ;  but,  so  far  as  I  have  been  able  to  trace  them,  I  do  not 
find  that  the  Permians  of  the  north-east  of  England  show  any  ten* 
denoy  to  assume  a  Lancastrian  facies  going  west.      There  is  indeed 
a  change  in  their  character  most  decided  and  general ;  but  that 
change  is  a  tendency  to  get  thicker  and  (with  local  variations) 
purer  going  north  or  north-east,  indicating  successive  inftrwring 
subsidences  of  the  Permian  north-east  basin  in  such  directions.    At 

*  The  before-mentioned  prevalence  of  Mountain-Limestone  chert  in  the 
breociated  Lower  Bunter  clearly  shows  that  prior  to  the  accumulation  thereof 
the  Pennine  axis  in  Derbyshire  had  not  only  been  formed,  but  had  undergone 
an  enormous  amount  of  denudation. 
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to  the  details  of  this  process  I  hope  on  a  future  occasion  to  be  able 
to  give  more  definite  results*. 

One  word  as  regards  the  origin  of  the  lower  breccia.  This 
striking  rock  band  (the  miners'  "  mingled  "  or  "  plnmcake  "  rock) 
maintains  its  average  thickness  and  coarse  texture  over  a  consider- 
able area,  and  must  have  been  simultaneously  deposited  over  several 
square  miles,  and  in  water  of  variable  depth  and  distance  from  land. 
Though  no  striae  have,  I  believe,  been  found,  the  angularity  and  con- 
fused arrangement  of  the  fragments,  the  fact  that  some  of  the  largest 
have  travelled  a  long  distance,  the  general  absence  of  any  attempt  at 
stratification,  and  the  sudden  transitions  in  thickness  and  texture  of 
the  breccia,  point  possibly  to  its  glacial  origin,  as  droppings,  say,  from 
the  melting  of  icebergs  or  ice-floes.  (Occurring,  however,  along  a 
plane  of  erosion,  no  such  special  theory  may  seem  required  to  account 
for  its  origin.)  The  same  remarks  mav  apply  almost  equally  well  to 
the  uppermost  or  Lower  Bunter  breccia. 

To  Richard  Johnson,  Esq.,  Engineer  to  the  Great  Northern  Rail- 
way Company,  the  author  desires  to  express  his  acknowledgments. 
The  principal  section  exhibited  is  founded  on  the  Company's  sec- 
tions he  has  so  liberally  supplied  ;  and  its  completion  is  due  to  the 
facilities  given  by  him  for  exploring  the  railway-cuttings  from 
their  commencement  to  their  present  advanced  state. 

*  It  will  be  noticed  that  along  the  line  of  section  we  bave  no  representative 
of  the  Rothliegende.  This  is  only  one  of  many  instances  in  which  I  have  met 
with  proofs  of  the  non-existence  of  any  such  formation  in  Notts  or  Derbyshire. 
My  limited  experience  of  the  so-called  Lower  Bed  Sandstone  of  Durham  inclines 
me  to  concur  with  those  who  would  relegate  such  rocks  to  the  Carboniferous 
formation,  as  has  been  recently  done  with  similar  strata  in  Yorkshire.  Hence 
it  appears  that  the  Marl  Slate,  or  in  its  absence  the  Lower  Magnesian  lime* 
stone,  forms  the  true  base  of  the  Permian  series  in  the  north-east  of  England. 
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PROCEEDINGS 


OF  THE 


GEOLOGICAL  SOCIETY  OF  LONDON. 


SESSION    1875-76. 

November  3,  1875. 

Jomr  Evans,  Esq.,  V.P.R.S.,  President,  in  the  Chair. 

Thomas  Andrew,  Esq.,  18  Sonthernhay,  Exeter;  Harry  M. 
Becher,  Esq.,  "White  Lodge,  Barnes,  S.W. ;  Arthur  Back  Kitchener, 
Esq.,  F.C.S.,  19  Buckingham  Street,  Strand,  W.C. ;  Daniel  Morris, 
Esq.,  Grammar  School,  Burnley;  Christopher  Thomas  Richardson, 
M.D.,  13  Nelson  Crescent,  Ramsgate ;  and  Gustavus  A.  H.  Thureau, 
Esq.,  Lecturer  on  Geology  and  Practical  Mining,  School  of  Mines, 
Sandhurst,  Victoria,  were  elected  Fellows  of  the  Society. 

The  Lists  of  Donations  to  the  Library  and  Museum  were  read. 

The  following  communications  were  read : — 

1.  "On  some  new  Macrurous  Crustacea  from  the  Kimmeridge 
Clay  of  the  Sub-Wealden  Boring,  Sussex,  and  from  Boulogne-sur- 
Mer."    By  Henry  Woodward,  Esq.,  F.R.S.,  F.G.S. 

2.  "  On  a  new  Fossil  Crab  from  the  Tertiary  of  New  Zealand." 
By  Henry  Woodward,  Esq.,  F.R.S.,  F.G.S. 

3.  "  On  a  remarkable  Fossil  Orthopterous  Insect  from  the  Coal- 
measures  of  Britain."    By  Henry  Woodward,  Esq.,  F.R.S.,  F.G.S. 

4.  "On  the  Discovery  of  a  Fossil  Scorpion  in  the  English  Coal- 
measures."     By  Henry  Woodward,  Esq.,  F.R.S.,  F.G.S. 

5.  "The  Drift  of  Devon  and  Cornwall,  its  Origin,  Correlation 
with  that  of  the  South-east  of  England,  and  Place  in  the  Glacial 
Serie8.,,    By  Thomas  Belt,  Esq.,  F.G.S. 
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The  following  specimens  were  exhibited : — 

1.  Specimens  in  Olastration  of  Mr.  H.  Woodward's  papers;  or- 
bited by  Henry  Woodward,  Esq.,  F.B.S.,  F.G.S. 

2.  Specimens  from  the  banks  of  the  River  Murray,  South  Ass- 
tralia;  presented  to  the  Society  by  F.  S.  Dutton,  Eaq.t  thread* 
Ralph  Tate,  Esq.,  F.G.S. 

3.  Three  specimens  of  Gasteropoda  from  Pingri  Hov,  Thibet: 
presented  to  the  Society  by  Capt.  E.  F.  Chapman,  R.A. 

4.  Femur  of  EUpha* primigeniu* from  Crayford,  Kent;  exiribifea 
by  Prot  Tennant,  F.G.8. 

5.  A  Butterfly's  wing  from  the  Stouesfleld  Slate,  and  some  dar- 
ings of  rare  and  remarkable  fossils  from  the  Bed  Crag,  by  Eer.  J. 
Henslow;  exhibited  by  E.  Charlesworth,  Esq.,  F.G.8. 


November  17, 1875. 
John  Eyahs,  Esq.,  V.P.R.S.,  President,  in  the  Chair. 

Robert  Elliot  Cooper,  Esq.,  C.E.,  1  Westminster  Chambers,  Vic- 
toria Street,  S.W. ;  George  Fowler,  Esq.,  Assoc.Inst.C.E.,  Basford 
Hall,  Nottinghamshire;  and  William  Frencheville,  Assoc.  Royal 
School  of  Mines,  51  Scarsdale  Villas,  Kensington,  W.,  were  elected 
Fellows  of  the  Society. 

The  lists  of  Donations  to  the  library  and  Museum  were  read. 
The  following  communications  were  read : — 

1.  "  On  a  new  modification  of  Djnosaurian  Vertebrae."  By  Prof. 
Bichard  Owen,  C.B.,  F.B.S.,  F.G.S.,  &c. 

2.  "On  the  presence  of  the  Forest-bed  Series  at  Kessingland 
and  Pakefield,  in  Suffolk,  and  its  position  beneath  the  Chillesford 
Clay."    By  John  Gunn,  Esq.,  M.A.,  F.G.S. 

The  President  announced  that  photographs  of  Mr.  Tupper's 
beautiful  drawing  of  Oruziana  semiplicata  could  be  obtained  by 
~  "         f  the  Society  on  application  to  Messrs.  B.  J.  Edwards  &  Co., 
ferrace,  Kilburn. 

lowing  specimens  were  exhibited : — 

Dsaurian  Vertebra;  exhibited  by  Prof.  Owen,  FJLS.,  F.GJ3., 
ition  of  his  paper. 

cimens  of  antlers  &c.  from  the  soil  of  the  Forest-bed  at 
,nd  and  Pakefield,  Suffolk ;  exhibited  in  illustration  of  his 

John  Gunn,  Esq.,  F.G.S. 
gment  of  a  large  specimen  of  Voluta  Lambtrti ;  an  Antler 

elajphus  from  the  Coralline  Crag;  and  a  portion  of  an 
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Antler  from  the  Norwich  Crag,  Thorpe :  exhibited  by  John  Gone, 
Esq.,  F.G.S. 

4.  Specimens  of  wood  Ac.  from  the  submerged  forest  off  the  coast 
of  Jersey ;  exhibited  by  It.  A,  Peacock,  Esq.,  F.G.S.,  in  illustration 
of  his  paper. 

6.  Eight  ramus  of  lower  jaw  of  Bhinocerot  tichorhinus ;  exhibited 
by  Prof.  Tennant,  F.G.S. 

6.  CruzxanasemipUcata,  Bangor,  North  Wales;  and  Festiniog  Slate 
with  curious  impression :  exhibited  by  the  Her.  John  Peter,  F.G.S. 

7.  Eeptilian  Vertebra  from  Chilton,  Isle  of  Wight ;  exhibited  by 
J.  W.Hulke,  Esq.,F.G.S. 

8.  Sexual  clasping-organ  of  the  Basking  Shark,  Bed  Crag,  Suffolk, 
and  sections  of  teeth  of  Elephas  from  the  Crag  and  Forest-bed ;  ex- 
hibited by  E.  Charlesworth,  Esq.,  F.G.S. 


December  1, 1875. 

John  Evaxs,  Esq.,  F.R.S.,  President,  in  the  Chair. 

M.  Bodolfo  de  Arteaga,  Associate  of  King's  College,  London,  of 
Montevideo,  South  America;  William  Henry  Barnard,  Esq.,  Re- 
gistrar, School  of  Mines,  Ballaarat,  Victoria,  Australia ;  the  Rev.  J. 
Clifford,  M.A.,  LL.D.,  B.Sc.,  22  Alpha  Road,  St.  John's  Wood, 
N.W.;  Iieut.-Gen.  Robert  Fitzgerald  Copland-Crawford,  R.A., 
Sudbury  Lodge,  Harrow,  Middlesex ;  Walter  Derham,  Esq.,  B.A., 
of  Henleaze  Park,  Westbury-on-Trym,  Bristol;  James  Duigan, 
Esq.,  of  Wanganui,  New  Zealand ;  George  R.  Godson,  Esq.,  Assoc. 
Inst.  C.E.,  F.R.C.I.,  14  Rutland  Gate,  Hyde  Park,  W.;  the  Rev. 
Algernon  Sydney  Grenfell,  M.A.,  Mostyn  House,  Park  Gate, 
Chester ;  Sir  David  Salomons,  Bart.,  of  Broomhill,  Kent,  and  Upper 
Berkeley  Street,  Portman  Square,  W. ;  Aubrey  Strahan,  Esq.,  B.A., 
of  the  Geological  Survey  of  England;  William  Thomas,  Esq.,  Mining 
Engineer,  of  Glyncastle,  Resolven,  Neath;  Edward  Wethered,  Esq., 
F.C.S.,  Heatherfield  House,  the  Avenue,  Clifton,  Bristol ;  the  Rev. 
Burgess  Wilkinson,  Mel  bourn,  Cambridgeshire ;  and  Edward  Alfred 
Wiinsch,  Esq.,  Makerston  House,  Largs,  N.  B.,  were  elected  Fellows 
of  the  Society. 

The  List  of  Donations  to  the  Library  was  read. 

The  following  communication  was  read: — 

"  On  the  Granitic,  Granitoid,  and  associated  Metamorphic  Rocks 
of  the  Lake-district."— Parts  III.,  IV.,  and  V.  By  J.  Clifton 
Ward,  Esq.,  F.G.S.,  of  the  Geological  Survey  of  England  and 
Wales. 
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The  following  specimens  were  exhibited  :— 

Bock  specimens  from  the  Lake-district,  Model  of  Hie  distort 
round  Keswick,  and  Photographs  of  Microscopic  Sections  of  Rocki  -. 
exhibited  by  J.  Clifton  Ward,  Esq.,  F.G.S.,  in  illustration  of  his 
paper. 

December  15, 1875. 
John  Evans,  Esq.,  F.R.S.,  President,  in  the  Chair. 

Francis  James  Bennett,  Esq.,  of  the  Geological  Surrey  of  Eng- 
land ;  Alfred  Allinson  Bourne,  Esq.,  M.A.,  Rossall  School,  fleet- 
wood;  Charles  Thomas  Clough,  Esq.,  B.A.,  Scholar  of  St.  John's 
College,  Cambridge,  of  the  Geological  Survey  of  England  ;  John 
Iiaw  Cherry,  Esq.,  Grove  Terraoe,  Havelock  Place,  Hanloy,  Stafibrd- 
shire ;  William  Herbert  Dalton,  Esq.,  of  the  Geological  Survey  of 
England ;  Walter  Saise,  Esq.,  B.Sc.  Lond.,  Holly  Lodge,  St-  George, 
Bristol ;  James  Weeks  Szlumper,  Esq.,  M.Inst.C.E.,  AberystTrf  th : 
aud  Laraont  Henry  Graeme  Young,  Esq.,  Assoc.  R.  School  of  Mines, 
Lynndale,  9  Manor  Road,  Forest  Hill,  S.E.,  were  elected  FelIovr3  ; 
and  Prof.  August  Quenstedt,  of  Tubingen,  a  Foreign  Member  of 
the  Society. 

Tho  list  of  Donations  to  the  Library  was  read. 
The  following  communications  were  read : — 

1.  "  Notes  on  the  Physical  Geology  of  East  Anglia  during  the 
Glacial  Period."     By  W.  H.  Penning,  Esq.,  F.G.S. 

2.  "  Denuding  Agencies  and  Geological  Deposition  under  the 
Flow  of  Ioe  and  Water,  with  the  laws  which  regulate  these  actions, 
and  the  special  bearing  on  river-action  of  observations  on  the 
Mississippi  and  other  great  rivers,  and  their  present  and  past 
Meteorological  conditions,  and  similar  remarks  on  Marine  Deposits, 
illustrated  by  the  Irish  Sea  and  the  Chesil  Beach.9'  By  A.  Tylor, 
Esq.,  F.G.S. 

[Abstract*.] 

The  writer  adduced  evidence  by  measured  sections  and  drawings 
to  show  that  the  Quaternary  gravels  were  deposited  rather  in  a  wet 
or  pluvial  than  in  a  snowy  or  Glacial  period.  He  thought  the  de- 
nuding action  of  springs  and  the  alternate  action  of  rain  and  frost 
had  been  neglected.  He  considered  Agassiz  and  other  writers  had 
overlooked  the  previous  writings  of  Playfair,  to  whom  he  referred, 
ined  the  action  of  land  glaciers  as  geological  agents  in 

of  Westmoreland,  Switzerland,  and  the  Mississippi 
mpared  in  summer  and  winter,  to  prove  that  flood* 
jssarily  greater  from  land  covered  with  snow  than 
rt  is  published  in  the  <  Geological  Afagasine  *  for  February  1876, 
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from  land  covered  with  trees  and  vegetation  when  height  above  the 
sea  and  local  circumstances  were  taken  into  consideration.  Mr. 
Dana's  "Great  Glacier/'  whose  melting  was  to  supply  a  Quaternary 
river,  Mississippi,  50  miles  wide,  would  require  a  supply  equal  to 
625  times  the  present  rainfall  to  fill  it. 

The  melting  of  snow  was  assumed  to  be  of  such  proportions  by 
modern  writers  as  to  equal  the  debacles  of  older  geologists. 

The  high  Swiss  mountains  pointed  to  a  greater  diminution  of 
snow  on  high  ground  in  the  Glacial  period :  and  he  believed  the 
clouds  then  discharged  near  the  sea-level,  so  that  the  mass  of  snow 
and  ice  was  at  low  levels,  the  vapour  having  been  abstracted  pre- 
viously from  the  air. 

It  appears  that  in  Greenland  in  the  80th  parallel,  according  to 
Nordenskiold,  near  the  sea  in  summer  there  is  no  snow  on  the  ground 
on  cliffs  1000  or  1500  feet  above  the  sea.  Open  water  at  the  poles 
must  depend  upon  the  abstraction  of  the  vapour  from  the  atmo- 
sphere at  lower  latitudes ;  and  probably  in  the  Glacial  period  the 
ice-cap  was  thickest  at  the  70th  parallel  of  latitude. 

Mr.  Tylor  thought  the  theories  of  former  depressions  of  the  land, 
as  in  the  Mississippi  valley,  should  be  tested  by  examination  for 
flexures.  He  had  found  (in  1868)  that  flexures,  and  not  fractures, 
had  very  much  affected  the  course  of  the  Wealden  denudation  in 
the  Quaternary  period. 

The  laws  of  river-motion  are  very  simple  and  preciso;  and  as 
depressions  and  upheavals  are  always  unequal,  any  great  movements 
in  the  Quaternary  period  would  affect  the  courses  of  riven,  and  be 
traceable  in  their  deposits. 

The  author  had  measured  the  remanies  valley-gravels  of  Coalbrook 
Dale,  which  were  associated  with  marine  shells  200  feet  above  the 
sea,  and  compared  their  contour  with  ordinary  valley-gravels  and 
with  marine  beaches,  to  ascertain  under  what  probable  conditions 
the  sea  had  risen  up  the  Severn  valley  without  leaving  any  traces 
of  cliffs  or  marine  denudation  except  between  Bridgnorth  and  Coal- 
brook  Dale.  The  diamond  gravel-deposits  in  Africa  have  a  similar 
contour  to  those  of  Coalbrook  Dale. 

The  position  of  the  Moel-Tryfaen  beds  was  first  described  by 
Trimmer  in  1831.  Trimmer,  an  excellent  geologist,  observed  the 
scratches  on  the  rocks  covered  by  the  gravel  with  marine  remains, 
and  noticed  their  ice-origin,  but  did  not  draw,  unfortunately,  the 
natural  inference  that  there  must  have  been  a  Glacial  period  in 
Wales.  This  great  discovery  or  invention  was  left  to  Agassiz  to 
propose  in  1837. 

The  glacier-eroded  lakes,  much  lower  than  Moel  Tryfaen,  and 
close  to  it,  are  free  from  marine  remains ;  therefore  it  seems  difficult 
to  suppose  that  a  depression  of  1300  feet  and  immersion  in  the  sea  of 
Tryfaen,  and  subsequent  elevation,  could  have  taken  place  without 
having  left  any  marks  on  the  land  except  at  one  spot.  The  writer's 
theory  of  tho  change  of  the  sea-ievel  explains  the  Moel-Tryfaen 
deposit.  Prof.  Dana  has  shown  that  marine  glaciers  raise  marine 
detritus  in  North  America  many  thousand  feet. 
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The  measured  section  of  the  Chesil  Beach  shows  its  close  approxi- 
mation to  a  trinomial  curve ;  and  the  regularity  of  beaches  and 
littoral  zones  along  the  Channel  teach  us  what  are  the  certain  con- 
sequences of  land  being  immersed  under  the  sea. 

Mr.  Tylor  produced  plans  and  sections  showing  how  the  tide 
actually  affects  the  sea-bottom,  and  described  the  gorge  below  50 
fathoms  in  the  Irish  Sea,  varying  in  width  inversely  with  the  width 
of  the  sea. 

He  treated  the  tide  as  caused  by  the  alternate  and  opposite  slow 
movement  of  the  deep  and  great  mass  of  the  Atlantic,  giving  motion 
to  the  water  at  the  coast  almost  simultaneously,  as  if  the  whole 
water  moved  as  one  mass  over  an  area  of  thousands  of  square 
miles.  The  velocity  of  the  tide  of  one  tenth  of  a  mile  per  hour 
in  the  deep  sea,  produced  by  the  composition  of  forces  a  tide  of  a 
velocity  of  three  or  four  miles  an  hour  on  the  coast.  High  and 
low  water  at  different  ports  are  the  direct  consequences  of  local 
currents  in  shallow  water,  set  in  motion  by  the  greater  mass  of 
deep  water.  There  are  points  in  the  English  Channel  where  within 
a  few  miles  there  is  a  difference  of  six  hours  in  high  water.  He 
objected  to  the  theory  of  a  tidal  wave  travelling  in  one  direction, 
and  moving  faster  in  deep  water  than  in  shallow,  because  the  tide 
is  a  reciprocatory  movement  and  travels  quicker  in  shallow  than 
in  deep  water. 

In  support  of  this  he  showed  the  chart  of  the  Channel,  and  that 
the  tide  turned  in  the  Irish  Sea  at  all  points,  deep  or  shallow, 
almost  simultaneously.  He  found  that  in  a  large  area  of  sea  of 
120,000  square  miles,  where  the  water  averaged  67  fathoms  off  the 
Scilly  Islands,  the  velocity  of  the  tide  was  only  one  mile  per  hour ; 
but  in  the  shallows  near  the  Channel  Islands,  where  the  depth  was 
on  an  average  12  fathoms,  by  the  composition  of  forces  the  velocity 
of  the  tide  increased  to  6  miles  an  hour.  If  the  tide  was  the  con- 
sequence of  a  tidal  wave  bringing  high  water,  the  tidal  conditions 
of  the  Irish  Sea  would  be  very  different  from  what  they  are 
described  to  be.  It  is  high  water  in  the  N.  when  it  is  low  water  in 
the  S.  of  the  Irish  Sea, 

He  did  not  find  any  evidence  of  a  plane  of  denudation  on  any 
sea-coast,  but,  on  the  contrary,  deep  gorges  and  curved  surfaces, 
depth  varying  with  width  inversely,  in  the  Irish  Sea. 

The  nearest  approach  to  a  plane  surface  was  in  the  estuary  of  the 
La  Plata ;  but  that  flatness  appeared  more  the  consequence  of  depo- 
sition than  of  denudation. 

The  great  cuts-out  or  indentations  of  coast  lines  where  rivers 
discharge  into  the  ocean,  when  compared  with  the  absence  of 
indentations  in  areas  where  there  are  no  great  rivers  but  where 
the  rocks  are  equally  hard,  showed  that  such  denudation  depended 
upon  the  alternate  and  opposite  action  of  rivers  and  the  tide. 
The  shape  of  the  English  Channel  approaches  to  that  of  the  Severn, 
Thames,  and  Seine  estuaries ;  and  the  origin  of  all  cuts-out  are 
similar.  He  referred  to  the  removal  of  the  bar  of  the  Danube,  and 
to  the  great  laws  which  regulate  the  flow  of  water,  which  he  illus- 
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fcrated    by  diagrams,  showing  the  effect  of  increased  velocity  of 

-water  over  a  bar  cutting  away  the  deposit. 

Hydraulics  and  meteorology  must  be  studied  in  connexion  with 
ttio  lines  of  denudation  and  deposition ;  and  however  difficult  and 
inconvenient  these  subjects  might  be,  no  results  would  be  reliable 
xtnlees  all  the  physical  circumstances  were  taken  into  account. 


Discussion. 

Mr.  H.  Woodwabd  thought  that  two  of  Mr.  Tylor's  observations 
ought  not  to  pass  quite  unchallenged.    First,  with  regard  to  the 
statement  that  portions  of  bare  rock  protruded  from  the  ice-sheets 
in  arctic  countries,  he  thought  that  the  observations  of  Dr.  Hayes 
and  Prof.  Nordenskiold  indicated  that  the  whole  interior  of  Green- 
land up  to  great  elevations  was  entirely  covered  by  ice.     Secondly, 
with  reference  to  the  Rio  Grande,  he  thought  that  Mr.  Tylor  ought 
to  have  taken  some  notice  of  the  great  Brazilian  current ;  and  he 
indicated  that  on  our  own  eastern  coast  the  mouths  of  certain  rivers, 
such  as  the  Orwell  and  the  Aide,  are  bent  to  the  southward  by  the 
set  of  the  tide. 

Mr.  Fabkeb  inquired  as  to  the  quantity  of  water  necessary  to 

effect  the  changes  to  which  the  author  had  referred.    Lately  in 

Oxford  there  had  been  a  fall  of  1*9  inch  of  rain  in  24  hours ;  and 

in  the  same  week  nearly  5  inches  of  rain  fell,  equal  to  260  inches 

in  the  course  of  the  year.     The  result  of  this  extraordinary  rainfall 

was  to  produce  a  great  flood  in  the  Thames ;  but  no  excavating 

force  seemed  to  be  exerted,  and  the  river  was  not  affected  in  the 

least.     In  his  own  parish,  he  stated,  the  ditches,   brooks,  and 

rivulets  which  existed  1000  years  ago  could  be  proved  by  reference 

to  ancient  documents  to  be  still  in  the  same  position  and  of  the 

same  size,  so  that  apparently  the  denuding  action  of  all  the  water 

that  had  fallen  during  this  long  interval  had  produced  no  effect.     If 

denudation  took  place,  there  must  have  been  a  far  greater  amount 

of  rainfall  than  in  the  instances  adduced  by  the  author. 

Prof.  Dtjwcan  remarked  that  in  the  Ehasia  hills  there  is,  as  Is 
well  known,  a  rainfall  of  about  600  inches  annually ;  and  this, 
falling  upon  ground  which  does  not  readily  absorb  moisture,  has 
cleared  away  all  surface  deposits,  and  even  excavated  coombs  in  the 
granite.  He  indicated  that  vegetation  is  protective,  both  by  pre- 
venting the  direct  action  of  rain  and  by  absorbing  moisture.  The 
examples  of  denudation  figured  by  Mr.  Tylor  in  his  beautiful  dia- 
grams were  merely  cases  of  subaerial  denudation.  Prof.  Duncan 
protested  against  Mr.  Tylor*s  notions  of  the  nature  of  the  tides. 

Mr.  J.  P.  Walker  maintained  that  denudation  is  effected  not  by 
the  direct  action  of  rivers,  but  by  that  of  rain  falling  on  the  land 
and  flowing  into  the  rivers.  By  this  means  the  rounded  form  shown 
in  some  of  the  author's  diagrams,  especially  that  of  Oliver's  Mount, 
is  gradually  given  to  the  more  elevated  land. 
Mr.  J.  Clifton  Wabd  called  attention  to  the  fact  that  in  the 
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somewhat  pluvial  Lake-district  there  were  many  cases  of  small 
lakes  with  ice-worn  sides,  which  have  not  been  entirely  filled  up, 
shallow  though  they  be,  even  in  the  time  which  has  elapsed  since 
the  Glacial  period.  The  present  denudation,  however,  is  very  evi- 
dent ;  it  therefore  seems  improbable  that  it  was  vastly  greater  for  a 
long  period  (supposed  pluvial),  or  the  results  would  have  been 
greater  also.  He  thought  it  was  scarcely  fair  to  bring  forward 
such  examples  as  the  channels  around  our  coast  as  proving  the 
non-existence  of  planes  of  marine  denudation,  since  in  many  cases 
these  channels,  by  the  author's  own  showing,  were  probably  but 
ancient  river-depressions.  Prof.  Ramsay's  denudation-plane  was  a 
very  different  thing. 

He  would  like  to  ask  Mr.  Tylor  how  he  would  explain  the  great 
plateaux  of  drift  occurring  in  Wales  and  Cumberland,  and  often 
sloping  upwards  from  nearly  the  sea-level  to  heights  of  1500  and 
2000  feet.  Were  not  such  surfaces  left  by  marine  action  on  the 
elevation  of  the  land  ?  Mr.  Tylor  had  rejected  the  idea  of  great 
alteration  in  level  in  recent  times,  because  it  was  not  evidenced  by 
folding  of  the  strata  and  contortion ;  but  we  know  that  small  tracts 
have  been  raised  and  depressed  quietly  (witness  the  temple  of 
Jupiter  Serapis) ;  and  it  becomes  a  question  whether  this  may  not 
sometimes  be  the  case  also  over  large  areas.  There  were  marine- 
like deposits  (though  not  always  shell-bearing)  up  to  heights  of 
2000  feet  in  Wales  and  Cumberland ;  and  Mr.  G.  M.  Dawson  has 
recently  brought  forward  facts  to  show  that  parts  of  North  America 
along  the  Canadian  frontier  must  have  been  depressed  as  much  as 
4000  feet  beneath  the  sea.  All  these  facts  and  many  others  should 
be  considered  before  the  author  can  establish  his  pluvial  period  on 
a  firm  footing,  or  deny  the  great  submergence  of  land  in  compara- 
tively recent  times. 

Mr.  G.  Maw  maintained  that  the  outline  of  the  Chesil  Beach  is 
due  to  its  mode  of  deposition,  but  could  not  admit  that  this  was  the 
case  with  the  gravels  of  the  Severn  valley  referred  to  by  Mr.  Tylor. 

Mr.  W.  Shelford  remarked  that  Mr.  Tylor  had  attributed  the 
form  of  the  estuary  of  the  Severn  to  a  conflict  between  the  tidal 
and  fresh  water.  There  was  no  such  conflict ;  but  the  tidal  water 
flowed  and  ebbed  regardless  of  the  fresh  water  in  the  river,  except 
that  the  tidal  water  was  more  or  less  salt  or  fresh  according  to  the 
rainfall.  The  fresh  water  merged  in  the  salt,  and  pulsated,  as  it 
were,  through  the  tide  to  the  sea.  The  ordinary  forces  at  work  on 
our  coasts  sufficed  to  account  for  the  width  and  depth  of  the  estuary. 
As  an  example,  the  bay  in  which  Chesil  Beach  occurred  had  been 
threshed  out  to  a  great  depth;  and  the  debris,  which  could  not  escape 
from  the  bay  because  of  the  direction  of  the  prevailing  winds,  had 
formed  the  beach:  Sir  J.  Coode  and  Mr.  Prestwich  had  shown 
this.  Another  example  within  his  knowledge  was  on  the  coast  of 
Yorkshire,  from  Bridlington  to  the  Humber,  where  the  coast  had 
been  degraded  by  the  sea  from  the  earliest  historical  times,  so  that 
there  was  now  deep  water  where  land  had  existed,  and  even  where 
the  old  town  of  Bavenspur,  once  a  famous  seaport,  had  stood. 
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Mr.  Tylor  had  referred  to  the  Sulina  month  of  the  Danube  as  an 
instance  of  the  power  of  fresh  water  to  remove  sand  &c.    Comparing 
tKat   river  with  the  Humber,  the  Danube  had  perhaps  the  largest 
drainage   area  of  any  river  in  Europe  (300,000  square  miles),  the 
Humber  the  largest  in  England  (10,500  square  miles).    The  former, 
bowever,  discharged  into  a  tideless  sea ;  the  latter  was  a  first-class 
tidal   river.    The  sectional  area  of  the  Humber  at  low  water  was 
sixty  times  that  of  the  Sulina  mouth  (which,  however,  only  dis- 
charged part  of  the  water  in  the  Danube),  and  its  width  3  miles  as 
against  650  feet  at  Sulina.    In  short,  if  England  stood  in  tideless 
seas,  the  whole  of  the  fresh  water  would  only  make  three  Sulina 
harbours ;  and  when  it  was  considered  how  numerous  and  capacious 
the  English  harbours  were,  some  idea  might  be  formed  of  the  com- 
parative insignificance  of  the  force  of  fresh  water. 

Mr.  W.  P.  Beale  objected  to  the  use  of  the  term  "  tidal  wave," 
-which  he  thought  liable  to  lead  to  misconception. 

The  President  begged  Mr.  Parker  to  bear  in  mind  the  difference 
"between  rivers  in  what  may  be  called  a  domesticated  state  and  those 
in  a  natural  condition,  which  he  thought  was  even  greater  than 
that   existing  between  domestic  and  wild  animals.    He  thought 
that  Mr.  Tylor  generalized  rather  too  freely,  and  without  taking 
into  consideration  what  was  termed  the  angle  of  repose  of  materials. 
With  regard  to  the  comparison  between  the  English  Channel  and 
the  mouth  of  the  Severn,  he  thought  that  we  ought  to  consider  that 
the  geological  structure  of  a  coast  has  almost  every  thing  to  do  with 
the  form  of  the  coast-line.     It  seemed  to  him  that  planes  of  denu- 
dation, as  defined  in  geological  books,  were  not  exactly  the  same 
things  as  Mr.  Tylor's  statements  would  lead  us  to  believe  they  were 
in  his  conception.    With  regard  to  the  curves  representing  the  fall 
of  rivers,  he  thought  that  these  must  be  influenced  by  the  nature  of 
the  bed,  and  that  when  rivers  flow  over  beds  of  varying  hardness, 
they  will  not  follow  the  curves  laid  down  by  Mr.  Tylor. 

The  Author  briefly  responded  that  his  curves  were  laid  down  by 
a  formula,  and  contrasted  with  the  actual  levels  of  rivers,  so  that 
the  correspondence  was  proved,  not  inferred.  The  effect  of  hard 
rock  in  the  Rhine  and  Indus  disturbed  the  curve  about  12  feet. 
The  effect  of  changes  of  level  at  the  Temple  of  Serapis  was  now  said 
to  be  duo  to  local  causes  damming  up  the  stream. 

The  following  specimens  were  exhibited : — 

1.  Three  Flint  Implements  from  the  superficial  gravels  of  Barton 
Cliff,  near  Lymington;  exhibited  by  John  Evans,  Esq.,  F.R.S., 
President  G.S. 

2.  Ganoid  Fish,  from  Albany,  South  Africa ;  exhibited  by  Dr. 
W.  G.  Atherstone,  F.G.S. 

3.  Fragments  of  Emeralds  and  Beryls ;  exhibited  by  Prof.  Ten^ 
nant,  F.G.S, 
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January  5,  1876. 

Jomr  Etajb,  Esq.,  F.B.S.,  President,  in  the  Chair. 

John  Kenworthy  Blakey,    Esq.,   23  Fountain   Street,   Leeds 
Frederick  Hovenden,  Esq.,  FXJ3.,  Glenlea,  Thurlow-Park  Eoad, 
Dulwich,  S.E. ;  and  Thomas  Lo veil,  Esq.,  M.Inst. C^E.,  Chief  Engineer 
of  the  Oudh  and  Rohilcund  Railway,  Lucknow,  were  elected  Fellows 
of  the  Society. 

The  Lists  of  Donations  to  the  Library  and  Museum  were  read. 

The  following  communications  were  read: — 

1.  "  Historical  and  personal  Evidences  of  Subsidence  beneath  the 
Sea,  mainly  if  not  entirely  in  the  fourteenth  and  fifteenth  cen- 
turies, of  several  tracts  of  land  which  formerly  constituted  parts  of 
the  Isle  of  Jersey."    By  R.  A.  Peacock,  Esq.,  C.E.,  F.G.S. 

2.  "The  Physical  Conditions  under  which  the  Upper  Silurian 
and  succeeding  Palaeozoic  Bocks  were  probably  deposited  over  the 
Northern  Hemisphere."    By  Henry  Hicks,  Esq.,  F.G.S. 

[Abstract*] 
In  this  paper  the  author,  after  pointing  out  the  lines  of  de- 
pression explained  in  his  former  paper  to  the  Society,  now  further 
elaborated  the  views  then  propounded  by  him  by  carrying  his 
examination  into  the  higher  Palaeozoic  series  and  into  more  exten- 
sive areas.  Beginning  at  the  top  of  the  Lower  Silurian,  where  he 
first  recognizes  any  evidence  of  a  break  in  the  Palaeozoic  rocks,  he 
proceeded  to  show  that  this  break  was  restricted  to  very  limited 
areas,  and  almost  entirely  confined  to  the  parts  which  had  been  first 
submerged,  and  where  the  greatest  thickness  of  sediment  had  accu- 
mulated on  both  sides  of  the  Atlantic,  and  hence  where  the  pre- 
Cambrian  crust  had  become  thinnest.  On  the  European  side  this 
break  occurred  where  volcanic  action  had  taken  place,  and  has 
doubtless  to  be  attributed  to  the  combined  action  of  upheaval  of 
portions  of  the  crust  and  the  heaping-up  of  volcanic  material,  the 
latter  in  some  cases  forming  volcanic  islets  of  considerable  extent 
He  strongly  objected  to  look  upon  these  breaks,  even  in  the  British 
area,  where  they  are  most  marked,  as  evidence  of  a  want  of  con- 
tinuity over  other  and  far  greater  areas,  or  to  admit  generally  for 
the  British  area  that  in  the  rocks  at  this  point  "  a  great  interval  of 
time  is  indicated  unrepresented  by  stratified  formations."  The 
conformity  found  in  extensive  and  widely  separated  areas  is  proof 
also  that  a  gradual  contraction  took  place  of  an  enormous  portion 
of  the  crust  in  the  northern  hemisphere  in  Palaeozoic  times;  and 
the  breaks  at  the  close  of  the  Lower  Silurian  and  in  the  Devonian 
are  not  indications  of  an  arrest  in  the  general  subsidence.  After 
indicating  the  changes  which  must  have  taken  place  in  the  climate 
from  this  gradual  spreading  of  the  water  and  the  evidence  to  be  de- 

*  This  paper  appears  in  full,  with  additions,  under  the  title  of  "Some  consi- 
derations on  the  probable  conditions  under  which  the  Palapoxoic  Bocks  were  depo- 
sited oyer  the  Northern  Hemisphere,"  in  the  Geological  Magazine. 
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-vvecL    from  the  consideration,  of  the  deposits  and  the  faunas,  the 
intJb.or  drew  the  following  general  conclusions : — 

X  .  That  the  condition  of  the  northern  hemisphere  at  the  beginning 
of  Palaeozoic  time  was  that  of  immense  continents  in  the  higher 
latitudes,  traversed  by  mountainous  ranges  of  great  height,  but  with 
a.  general  inclination  of  the  surface,  on  the  one  side  (European)  to 
the  south-west  and  south,  and  on  the  other  side  (American)  to  the 
south-east  and  south. 

2.  That  these  continents  were  probably  covered,  at  least  in  their 
higher  parts,  with  ice  and  snow ;  and  that  much  loose  material  had 
consequently  accumulated  over  the  plains  and  deeper  parts,  ready  to 
he  denuded  off  as  each  part  became  submerged.  This  would  account 
for  the  enormous  thickness  of  conglomerates,  with  boulders,  grits, 
and  sandstones,  found  in  the  early  Cambrian  rocks,  and  also  to  a 
certain  extent  for  their  barrenness  in  organic  remains. 

3.  That  the  depression  over  the  European  and  American  areas 
was  general  from  at  least  the  latitude  of  30°  northwards ;  that  the 
parts  bordering  the  Atlantic  were  the  first  to  become  submerged ; 
the  lower  latitudes  also  before  the  higher. 

4.  That  the  depression  could  not  have  been  less  altogether,  for 
the  whole  of  the  Palaeozoic,  than  50,000  feet ;  and  that  conform- 
able sediments  to  that  extent  are  found  over  those  parts  of  the  areas 
first  submerged,  and  which  remained  undisturbed.  That  volcanic 
action  was  chiefly  confined  to  parts  of  the  regions  which  became 
first  submerged ;  that  the  immediate  cause  of  these  outbursts  was 
the  weakness  of  the  pne-Cambrian  crust  at  those  parts,  from  the 
great  depression  that  had  taken  place,  it  being  too  thin  there 
to  resist  the  pressure  from  within,  and  to  bear  the  weight  of  the 
superincumbent  mass  of  soft  sediment. 

5.  That  the  seat  of  volcanic  action  at  this  time  was  at  a  depth  of 
probably  not  less  than  25  miles,  as  sediments  which  were  depressed 
to  a  depth  of  from  9  to  10  miles  do  not  indicate  that  they  had  been 
subjected  to  the  effect  of  any  great  amount  of  heat,  and  are  free 
from  metamorphosis. 

6.  That  the  climate  in  early  Palaeozoic  times  was  one  of  very 
considerable  if  not  extreme  cold,  and  that  it  became  gradually 
milder  after  each  period  of  depression.  That  towards  the  close  of  the 
Palaeozoic,  in  consequence  of  the  elevation  of  very  large  areas,  and  to 
a  great  height,  the  climate  became  again  more  rigorous  in  character. 

7.  That  the  various  changes  which  took  place  over  the  northern 
latitudes  during  Laurentian  and  Palaeozoic  times  allowed  marine 
and  land  life  to  develop  and  progress  in  those  areas  at  interrupted 
periods  only ;  consequently  most  of  the  progressive  changes  in  the 
life  had  to  take  place  in  more  equatorial  areas,  where  the  sea-bottom 
was  less  disturbed,  and  where  the  temperature  was  more  equable. 
Any  imperfection  therefore  in  the  Palaeontological  record  belonging 
to  these  early  times  should  be  attributed  to  these  and  like  circum- 
stances ;  for  wherever  an  approach  to  a  complete  record  of  any  part 
of  the  chain  is  preserved  to  us,  the  evidence  points  unmistakably  to 
an  order  of  development,  through  a  process  of  evolution  from  lower 
to  higher  grades  of  life. 
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Discission. 

Prof.  Bambay  said  that  the  paper  embraced  bo  many  things  that  it 
was  exceedingly  difficult  to  follow  or  to  criticise.  He  did  not  see 
that  there  was  any  evidence  to  prove  that  the  old  pro-Cambrian 
land  must  have  existed  near  the  present  Cambrian  rocks ;  nor  did  he 
see  why  the  pro-Cambrian  hills  must  necessarily  have  been  40,000 
feet  high.  In  Scotland  a  small  portion  of  the  old  pne-Camhrian  land 
is  still  to  be  found ;  it  is  flat  now  as  it  was  then.  The  Cambrian 
beds  are  often  conglomerates ;  but  all  the  pebbles  contained  in  these 
are  not  traceable  to  the  pro-Cambrian  rocks  on  which  they  rest 
Further,  if  the  land  had  stood  so  high  as  was  stated  by  the  author 
there  must  have  been  glaciers  upon  it,  and  some  traces  of  glacial 
action,  such  as  boulders,  ought  to  be  found ;  but  this  is  not  the  case. 
The  Lower  Silurian  rocks  of  Wigtonshire  and  the  Old  Bed  Sand- 
stone of  Scotland  and  Cumberland  contain  many  old  boulders, 
showing  that  there  must  have  been  glacial  epochs  in  those  periods. 
He  could  not  agree  with  Mr.  Hicks  in  thinking  that  the  climate  had 
been  gradually  growing  warmer ;  but  there  had,  he  thought,  been 
many  oscillations  of  temperature.  The  volcanic  outbursts  in  North 
Wales  are  of  two  periods,  with  a  tranquil  period  between  them. 
There  are  from  4000  to  6000  feet  of  Lower  Silurian  rocks  between 
the  uppermost  of  the  Lower  Silurian  volcanic  rocks  and  the  Denbigh- 
shire grits  and  flags ;  and  the  latter  could  not  have  been  altogether 
derived  from  volcanic  rocks.  He  knew  of  no  volcanic  deposits  in  the 
Llandovery  beds.  After  the  deposition  of  the  Lower  Silurian  rocks 
great  disturbances  occurred  in  consequence  of  contractions  of  the 
earth's  crust ;  and  in  some  parts  of  Britain  outliers  of  the  Upper 
Silurian  are  found  resting  on  the  upturned  edges  of  the  older  rocks, 
the  Upper  Silurian  having  formerly  extended  unconformably  over 
the  Cambrian  deposits.  The  metamorphic  Silurian  rocks  referred  to 
by  Mr.  Hicks  are  in  no  way  connected  with  contemporaneous  volcanic 
rocks  in  Great  Britain.  He  thought  that  the  perfect  conformity 
from  the  base  of  the  Cambrian  to  the  Carboniferous  epoch  main- 
tained by  the  author  was  not  borne  out  by  facts.  In  Coalbrook  Bale 
the  Carboniferous  rocks  rest  on  Wenlock  and  Old  Bed  deposits ;  in 
Flintshire  and  Denbighshire  on  Upper  Silurian,  probably  Wenlock. 
In  Cumberland  they  rest  partly  on  Lower  Silurian,  and  in  South 
Wales  on  Old  Bed  Sandstone  and  Lower  Silurian.  In  some  places 
only  they  appear  to  rest  conformably  on  the  older  rocks. 

Mr.  D.  C.  Davieb  agreed  with  Professor  Bamsay  in  considering 
that  Mr.  Hicks  was  mistaken  in  regarding  the  Denbighshire  grits  as 
in  any  way  equivalent  to  the  Llandovery  shales.  But  though  when 
looked  at  on  a  small  scale  there  appeared  to  be  great  breaks  in  the 
sequence,  there  was  nevertheless,  in  general,  evidence  of  continuity  of 
deposition.  Trap  rocks,  although  themselves  varying  considerably, 
produce  local  alterations  in  the  neighbouring  beds.  The  limestone 
of  the  Bala  series  is  not  altogether  organic. 

Mr.  EmsRiDas  doubted  whether  the  history  of  the  older  rocks 
could  ever  be  thoroughly  comprehended.    He  thought  the  author 
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[xad.  laid  rather  too  much  stress  upon  the  limestone  periods,  as  the 
Limestones  only  imply  moderate  depths.  He  considered  that  there 
must  hare  been  an  upheaval  in  Devonian  times,  and  doubted 
whether  Crustacea  could  live  in  a  very  cold  sea. 

The  President  thought  that  the  succession  of  deposits  maintained 
"by  the  author  was  rather  too  uniform,  and  wished  to  ask  Mr.  Hicks 
where  he  considered  the  old  land  lay  from  which  the  sediment 
necessary  for  such  thick  deposits  was  produced. 

Mr.  Hicks,  in  reply,  said  that  the  evidence  of  mountainous  ranges 
in  pree-Cambrian  times  rested  on  the  fact  that  portions  of  these 
recks  were  not  completely  submerged  even   at  the  close  of  the 
Silurian,  whilst  it  is  certain  that  other  portions  were  then  depressed 
te  a  depth  of  from  30,000  to  40,000  feet    There  are  portions  of 
this  old  land  now  visible  in  Algeria,  Spain,  England  (Malvern  and 
St.  David's),  north  of  Scotland,  Norway,  the  Lofoten  Islands,  and 
other  places  on  this  side  of  the  Atlantic,  and  in  numerous  places 
on  the  American  side  from  the  latitude  of  30°  to  the  Arctic  regions. 
Some  of  these  were  brought  up  to  the  surface  from  a  great  depth 
during  the  changes  which  took  place  at  the  close  of  the  Palaeozoic ; 
hut  others  seem  to  have  been  nearly,  if  not  quite,  at  the  surface  even 
at  that  time.    The  Silurian  epoch  is  represented  only  by  limestone 
formations  in  most  of  the  American  and  in  many  European  areas ; 
hut  in  the  regions  near  to  where  volcanic  action  took  place  the  sedi- 
ments of  this  period  are  heaped  up  partly  by  marine  life  and  partly 
hy  the  loose  materials  derived  from  the  volcanoes.     In  these  regions, 
therefore,  the  limestones  occur  only  as  bands  in  the  strata,  and  are 
thickest  in  proportion  as  they  are  distant  from  the  disturbed  areas. 
They  were  here  formed  at  interrupted  periods,  or  only  during  the 
time  that  the  volcanoes  were  inactive  and  not  throwing  out  material 
over  the  sea-bottom.    The  Carboniferous  rocks  in  Pembrokeshire  are 
faulted  against  the  older  rocks,  and  not  deposited  on  their  upturned 
edges.    In  the  south-west  of  Wales  the  same  folds  affect  the  whole 
series  from  the  Cambrian  to  the  Carboniferous ;  and  it  is  evident 
that  in  this  region  these  deposits  are  perfectly  conformable,  though 
so  near  to  the  disturbed  area  in  North  Wales. 

The  following  specimens  were  exhibited: — 

1.  Fragments  of  wood  and  calcareous  nodules  from  the  submerged 
forests  of  Jersey;  exhibited  by  B.  A.  Peacock,  Esq.,  F.G.S.,  in  illus- 
tration of  his  paper. 

2.  A  set  of  Fossils  in  Flint ;  exhibited  by  Prof.  Tennant,  F.G.S. 

3.  Three  specimens  from  the  Wealden,  near  Rehburg,  N.W.  of 
Hanover,  presented  to  the  Society  by  W.  P.  Beale,  Esq.,  F.G.S. 

4.  Phillipsite  and  Chabasite  in  the  cement  of  the  Roman  bath  at 
Plombieres,  France ;  and  Tetrahedrite,  with  copper  pyrites,  from  the 
thermal  waters  of  Bourbonne-les-Bains,  Haute-Marne :  exhibited  by 
Prof.  Maskelyne,  F.R.S.,  F.G.S. 
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January  19,  1876. 

Jora  Evans,  Esq.,  F.R.S.,  President,  in  the  Chair. 

James  Buckingham  Bevington,  Esq.,  of  Merle  Wood,  Sevenoaks, 
Kent ;  William  P.  Blake,  Esq.,  Mill  Bock,  Newhaven,  Connecticut, 
TJ.  S. ;  James  Gordon  Brickenden,  Esq.,  Civil  Engineer,  Kingsclifie, 
Northamptonshire;  Edward  George  Dyke,  Esq.,  of  St.  Austell; 
Henry  Hamilton  Gunn,  Esq.,  Edina  House,  Lordship  Lane,  Dul- 
wich,  S.E. ;  William  Jerome  Harrison,  Esq.,  Curator  of  the  Town 
Museum,  Leicester ;  and  R.  G.  Warton,  Esq.,  The  Beeches,  Upper 
Sydenham  Hill,  S.E.,  were  elected  Fellows  of  the  Society. 

The  list  of  Donations  to  the  Library  was  read. 
The  following  communications  were  read : — 

1.  "On  some  Unicellular  Algse  parasitic  within  Silurian  and 
Tertiary  Corals,  with  a  notice  of  their  presence  in  Calceola  sanda- 
lina  and  other  fossils."  By  Prof.  P.  Martin  Duncan,  F.R.S., 
V.P.G.S.,  &c. 

2.  "  How  Anglesey  became  an  Island."  By  Prof.  A.  C.  Ramsay, 
LL.D.,  F.R.S.,  V.P.G.S. 


February  2, 1876. 
John  Evaks,  Esq.,  F.R.S.,  President,  in  the  Chair. 

Edward  Richard  Alston,  Esq.,  22a  Dorset  Street,  Portman  Square, 
W.;  David  Corse  Glen,  Esq.,  C.E.,  14  Annfield  Place,  Duke  Street, 
Glasgow ;  Thomas  Vincent  Holmes,  Esq.,  of  the  Geological  Survey 
of  England  and  Wales,  28  Jermyn  Street,  S.W.;  William  G. 
M'Murtrie,  Esq.,  Mining  Engineer,  of  Glyn-Cornel  House,  near 
Pontypridd,  Glamorganshire ;  Charles  Bine  Renshaw,  Esq.,  of  Glen- 
patrick,  Paisley ;  Robert  Drysdale  Turner,  Esq.,  of  Penrose  Villa, 
Thornhill  Road,  Croydon;  and  George  Ferris  Whidbourne,  Esq., 
M.A.,  Chester  House,  Weston-Super-Mare,  were  elected  Fellows  of 
the  Society. 

The  List  of  Donations  to  the  Library  was  read. 

The  following  communications  were  read : — 

1.  "Evidence  of  a  carnivorous  Reptile  (Gynodraco  major,  Ow.) 
about  the  size  of  a  Lion,  with  remarks  thereon."  By  Prof.  Owen, 
C.B.,  F.R.S.,  F.G.S.,  &c. 

2.  "  On  the  occurrence  of  the  Genus  Astrocrinites  (Austin)  in  the 
Scotch  Carboniferous  Limestone  Series,  with  the  Description  of  a 
New  Species  (A.  ?  Benniei),  and  Remarks  on  the  Genus."  By  R. 
Etheridge,  Esq.,  jun.,  F.G.S. 

3.  "  On  the  Genus  Merycochcerus  (Family  Oreodontldee),  with  de- 
scriptions of  two  new  species."  By  G.  T.  Bettany,  Esq.,  B.  A.,  B.Sc. 
Communicated  by  Prof.  T.  M'Kenny  Hughes,  F.G.S. 
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The  following  specimens  wero  exhibited : — 

Specimens  of  Cynodraeo  major ;  exhibited  by  Prof.  Owen  in  il- 
XxLstration  of  his  paper. 

Specimens  of  Astrocrinites ;  exhibited  by  R.  Etheridge,  Esq.,  Jan., 
ix*  illustration  of  his  paper. 

Specimens  of  Nautili,  &c.,  belonging  to  the  Baroness  Burdett- 
Ooutts ;  exhibited  by  Pro£  Tennant. 


ANNUAL    GENERAL    MEETING, 

February  18, 1876. 

John  Evans,  Esq.,  F.R.S.,  President,  in  the  Chair. 

Eepobt  of  the  Council  for  1875. 

In  presenting  their  Beport  for  the  year  1875,  the  Council  of  the 
Geological  Society  have  the  pleasure  of  congratulating  the  Fellows 
on  the  unprecedented  prosperity  of  the  Society. 

The  number  of  new  Fellows  elected  during  the  year  is  98,  of  whom 
80  paid  their  fees  before  the  end  of  the  year,  making,  with  16  pre- 
viously elected  Fellows  who  paid  their  Fees  in  1875,  a  gross  increase 
of  no  fewer  than  96  Fellows.  Against  this  increase  we  have  to  set 
the  loss  by  death  of  27  Fellows  and  by  resignation  of  7,  whilst  3 
Fellows  were  removed  from  the  list  for  non-payment  of  contributions, 
making  a  total  loss  of  37  Fellows.  The  actual  increase  on  the  year 
is  therefore  of  59  Fellows.  The  number  of  Contributing  Fellows  is 
increased  by  61,  being  now  662. 

During  the  year  1875  the  Society  sustained  the  loss  of  two  of  its 
Foreign  Members.  The  vacancies  thus  caused  and  those  announced 
in  the  last  Annual  Report  of  the  Council  have  been  filled  up  by  the 
election  of  four  Foreign  Members  in  the  year  1875.  Three  of  the 
vacancies  in  the  list  of  Foreign  Correspondents  produced  by  these 
elections  were  filled  up  within  the  year ;  so  that  there  was  one  vacancy 
at  the  close  of  the  year  1875. 

The  total  number  of  Fellows  and  Foreign  Members  and  Corre- 
spondents was  1290  at  the  end  of  the  year  1874,  and  1350  at  the 
end  of  the  year  1875. 

The  Council  have  much  pleasure  in  reporting  that  in  1875  the 
income  of  the  Society  was  most  satisfactory  in  amount,  although, 
owing  to  the  payments  for  the  final  expenses  of  removal  and  refur- 
nishing (alluded  to  in  last  year's  Report),  and  for  the  Supplementary 
Part  of  the  Journal  for  1874,  it  was  not  adequate  to  meet  the  expen- 
diture. The  total  receipts  of  the  year  were  £3097  18s.  0d.t  and  the 
total  Expenditure  £3382  5*.  9(7.,  showing  an  excess  of  Expenditure 
over  Income  of  £284  7*.  9d.    In  the  above  statement  of  Income  is 

vol.  xxxir.  o 
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included  a  sum  of  £200,  a  donation  from  the  widow  of  the  late  James 
Yates,  Esq.,  EJUS.,  F.G.S.,  in  lieu  of  an  intended  bequest  of  her  late 
husband,  which  was  invested  in  the  purchase  of  £214  15*.  Ad.  of  3 
per  cent.  Consols.  The  net  receipts  of  the  Society,  after  deducting 
this  sum  of  £200  and  a  further  sum  of  £93  4s.  9<L  on  Bemoral- 
Fund  Account,  were  £2804 13*.  3d.  in  1875 ;  and  the  net  Expenditure, 
deducting  as  extraordinary  the  sum  of  £436  lit.  lOd.  disbursed  in 
connexion  with  the  removal  and  refurnishing,  was  £2945  13s.  11£, 
showing  an  excess  of  current  expenditure  over  receipts  of  £141 
0s.  Sd.  The  Supplementary  Number  of  the  Journal  for  1874  cost 
£376  6s.  lOd. 

The  total  cost  of  removal  and  furniture  to  31st  December  1875 
has  been  £1935  15s.  6c*.  Of  this  amount  £1080  7s.  lOd.  was  paid 
by  subscriptions  received  and  the  interest  accruing  upon  them  while 
they  remained  in  the  Banker's  hands,  and  £75  14*.  9d.  by  the  sale 
of  old  cabinets  and  other  articles  which  were  rendered  useless  by  the 
Society's  change  of  residenoe.  The  remainder,  £779  12*.  10d.f  has 
been  paid  out  of  the  funds  of  the  Society. 

The  Council  have  to  announce  the  completion  of  Vol.  XXXI.  of 
the  Quarterly  Journal  and  the  commencement  of  the  publication  of 
Vol.  XXXH. 

The  Council  have  much  pleasure  in  announcing  that  Mr.  Ormerod 
has  kindly  furnished  the  manuscript  of  a  Supplement  to  his  Classified 
Index  to  the  Publications  of  the  Society,  containing  the  Titles  of  the 
papers  in  the  volumes  of  the  Quarterly  Journal  (Vols.  XXV.  to 
XXXI.)  which  have  been  completed  since  the  preparation  of  the 
second  edition  of  the  Index.  The  Society  is  greatly  indebted  to  Mr. 
Ormerod  for  this  useful  guide  to  the  contents  of  its  publications, 
which  is  now  in  the  printers'  hands. 

The  late  Sir  Charles  Lyell,  by  a  clause  in  his  Will,  a  copy  of  which  is 
appended  to  this  Report,  bequeathed  to  the  Society  the  die  of  a  medal 
to  be  struck  in  bronze  and  called  the  "  Lyell  Medal,"  to  be  given 
annually,  or  from  time  to  time,  by  the  Council,  as  a  mark  of  honorary 
distinction  to  some  person  who  shall  be  regarded  as  having  aided 
the  progress  of  Geological  Science.  Sir  Charles  Lyell  further  be- 
queathed to  the  Society  a  sum  of  Two  thousand  pounds,  with  direc- 
tions that  it  should  be  invested  in  the  name  of  the  Society  or  of  its 
Trustees,  and  that  the  interest  arising  therefrom  shall  be  given  at  the 
discretion  of  the  Council  for  the  encouragement  of  Geology  or  of  any 
of  the  allied  Sciences,  subject  always  to  the  proviso  that  at  least  one 
third  of  the  annual  proceeds  of  this  Fund  shall  be  given  to  the  reci- 
pient of  the  Lyell  Medal.  The  amount  of  this  bequest,  free  of  legacy 
duty,  has  been  received  from  the  Executors  of  the  late  Sir  Charles 
Lyell,  and  invested  in  the  purchase  of  £2010  Is.  0c?.  in  the  d£  per 
cent.  Stock  of  the  Metropolitan  Board  of  Works. 

The  Council  have  further  to  record  with  thanks  the  liberal  offer  of 

Dr.  J.  J.  Bigsby,  F.R.8.,  F.G.S.,  to  found  a  bronze  medal  to  be  given 

n  alternate  years  as  an  incentive  to  Geological  study,  and  trust 

hat  their  acceptance  of  the  offer  will  meet  with  the  approval  of  the 

Fellows. 
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The  Council  have  awarded  the  Wollaston  Medal  to  Professor 
Hirxley,  F.R.S.,  F.G.S.,  in  recognition  of  the  distinguished  services 
tie  lias  rendered  to  Geological  Science  by  his  valuable  researches  upon 
tiie  Palaeontology  of  the  Vertebrata  and  upon  the  bearings  of  Palae- 
ontological  investigations  in  general  on  the  Philosophy  of  Geology. 

The  Murchison  Medal,  with  the  sum  of  10  Guineas,  has  been  awarded 
tx>  A.  K.  C.  Selwyn,  Esq.,  F.R.S.,  Director  of  the  Geological  Survey 
of  Canada,  in  recognition  of  his  services  to  Silurian  Geology. 

The  first  Lyell  Medal,  with  the  entire  proceeds  of  the  Fund  to  the 
present  date,  has  been  awarded  to  Professor  John  Morris,  F.G.S.,  in 
testimony  of  appreciation  of  his  long  and  meritorious  services  in  almost 
every  branch  of  Geology  and  Palaeontology,  and  to  assist  him  in 
carrying  on  his  valuable  observations  and  researches. 

The  balance  of  the  proceeds  of  the  Wollaston  Donation  Fund  has 
"been  awarded  to  Professor  Seguenza,  of  Messina,  a  Foreign  Corre- 
spondent of  this  Society,  to  aid  him  in  his  Palseontological  researches, 
especially  in  the  Sicilian  Tertiaries. 

And  the  balance  of  the  proceeds  of  the  Murchison  (Geological  Fund 
has  been  awarded  to  James  Croll,  Esq.,  of  Edinburgh,  to  assist 
him  in  his  researches  upon  the  phenomena  of  glaciation  and  the  phy- 
sical causes  which  may  have  conduced  to  extreme  modifications  of 
climate. 

Extract  from,  and  Codicil  to,  ihe  WiM  of  the  late  Sir  Charles 
LyeU,  Bart. 

"I  give  to  the  Geological  Society  of  London  the  die  executed  by  Mr. 
Leonard  Wyon  of  a  medal  to  be  cast  inbronie  and  to  be  given  annu- 
ally and  called  the  Lyell  Medal  and  to  be  regarded  as  a  mark  of 
honorary  distinction  and  as  an  expression  on  the  part  of  the  govern- 
ing body  of  the  Society,  that  the  medallist  (who  may  be  of  any 
country  or  either  sex)  has  deserved  well  of  the  Science.    I  further 
give  to  the  said  Society  the  sum  of  Two  thousand  pounds  (free  of 
legacy  duty)  to  be  paid  to  the  President  and  Treasurer  for  the  time 
being,  whose  receipt  shall  be  a  good  discharge  to  my  Executors ;  and 
I  direct  the  said  sum  to  be  invested  in  the  name  of  the  said  Society 
or  of  the  Trustees  thereof  in  such  securities  as  the  Council  shall  from     ' 
time  to  time  think  proper,  and  that  the  annual  interest  arising  there- 
from shall  be  appropriated  and  applied  in  the  following  manner— 
not  less  than  one  third  of  the  annual  interest  to  accompany  the  Me- 
dal, the  remaining  interest  to  be  given  in  one  or  more  portions  at  the 
discretion  of  the  Council  for  the  encouragement  of  Geology  or  of  any 
of  the  allied  sciences  by  which  they  shall  consider  Geology  to  have 
been  most  materially  advanced,  either  for  travelling  expenses  or  for 
a  memoir  or  paper  published  or  in  progress,  and  without  reference  to 
the  sex  or  nationality  of  the  author  or  the  language  in  which  any 
Buch  memoir  or  paper  shall  be  written. 

"And  I  declare  that  the  Council  of  the  said  Society  shall  be  the  sole 
judges  of  the  merits  of  the  memoirs  or  papers  for  which  they  may 
vote  the  Medal  and  Fund  from  time  to  time. ' 

"  And  I  direct  that  the  legacy  hereinbefore  given  to  the  said  Society 
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shall  be  paid  out  of  such  part  of  my  personal  estate  as  may  be  legally 
applicable  to  the  payment  of  such  bequests. 

"Asa  Codicil  to  my  Will  dated  January  1874,  in  which  I  directed 
that  the  Medal  should  be  awarded  annually  by  the  Council  of  the 
Geological  Society,  I  think  it  would  be  preferable  that,  instead  of  re- 
quiring it  and  the  interest  of  the  £2000  to  be  given  annually,  I 
should  leave  it  to  the  discretion  of  the  Council  to  suspend  the  awarding 
of  the  Medal  for  one  year,  as  it  may  sometimes  be  a  source  of  embar- 
rassment when  there  are  several  Medals  to  bestow  to  be  forced  to 
find  a  fit  recipient.  In  this  case  the  Council  would  have  in  the  year 
following  a  larger  sum  from  the  interest  of  the  £2000,  as  well  as  two 
Medals,  to  give  away — which  might  be  an  advantage,  because  it  has 
sometimes  happened  that  two  persons  have  been  jointly  engaged  in 
the  same  exploration  in  the  same  country  or  perhaps  on  allied  subjects 
in  different  countries,  and  the  Council  may  think  that  the  labours  of 
both  of  them  may  deserve  to  be  crowned  by  a  mark  of  their  appro- 
bation. In  this  case  a  Medal  may  be  given  to  each  with  such  pro- 
portion of  the  interest  as  the  Council  may  decide  always  not  being 
less  to  each  Medal  than  one  third  of  the  annual  interest  of  the 
£2000  as  directed  in  my  Will." 

Bepobi  of  the  Ltbbabt  and  Museum  Committee. 
IAbrary. 

The  Standing  Library-Committee  have  continued  from  time  to 
time  to  recommend  additions  to  the  Library  by  the  purchase  of  such 
books  as  they  thought  would  prove  useful  to  the  Fellows ;  and 
among  those  purchased  since  the  last  Anniversary  Meeting,  the 
following  important  works  may  be  cited : — 

Caillaux's  '  Tableau  general  et  description  des  mines  metalliques 
et  des  combustibles  mineraux  de  la  France ;'  B.  von  Cotta's  *  Treatise 
on  Ore-deposits,'  translated  by  Prime ;  Heer's  *  Flora  fossilis  arctica/ 
Band  3;  A.  von  Lasaulx's  *  Das  Erdbcben  von  Herzogenrath  am  22. 
October  1873 ;'  the  continuation  of  Klipstein's  *  Beitrage  «ur  geolo- 
gischen  und  topographischen  Kenntniss  der  oetlichcn  Alpen ;'  the 
new  edition  of  Phillips's  *  Yorkshire  Coast,1  edited  by  R.  Etheridge ; 
the  continuation  of  Dumortier's  'Etudes  paleontologiques  sur  les 
depdts  jurassiques  du  bassin  du  Rhone ;'  Schmidt's  *  Studien  iiber 
Erdbeben;'  Mourner's  'Geologic  des  environs  de  Paris;'  Pisani's 
*  Traite  elementaire  de  mineralogie ;'  the  continuation  of  Midden* 
dorfTs  '  Sibirische  Reise ;'  the  Reports  of  the  '  Association  Francaise 
pour  l'Avancement  des  Sciences ;'  F.  Mohr's  '  Geschichte  der  Erde ;' 
the  first  and  second  parts  of  the  new  edition  of  Rammelsberg's 
'  Hondbuch  dor  Minerolchemie ;'  Goldenberg's  '  Fauna  Sanepontana 
Fossilis/  part  1 ;  Fischer's  '  Nephrit  und  Jadeit  nach  ihren  minera- 
logischen  Eigenschoften  (fee. ;'  Murray's  '  Geographical  Distribution 
of  Mammals ;'  Plattner '  On  the  Blowpipe/  edited  by  T.  H.  Cookesley ; 
the  continuations  of  the  '  Paloontographica/  of  the  '  Paleontologie 
Francaise/  of  Qucnstedt's  '  Petref actenkunde  Deutschlauds/  and  of 
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Klironberg's  '  Mikrogeologische  Studien;'  and  the  first  volume  of 
t/hte  *  Geological  Record.' 

Tlxe  cost  of  books  and  periodicals  purchased  daring  the  year  1875 
wbls  jC40  35.  6d.,  and  of  binding  £69  15*.  Ad. 

JL  great  number  of  valuable  books  have  been  presented  to  the 
Xobraxy  during  the  past  year,  including,  besides  periodicals  and  the 
publications  of  Learned  Societies,  many  separate  works  of  im- 
portance, such  as : — 

F.  Drew's  *  Jummoo  and  Kashmir  Territories ;'  J.  W.  Dawson's 
«  The  Dawn  of  Life ;'  '  The  Manual  of  the  Natural  History,  Geology, 
and  Physics  of  Greenland  and  the  neighbouring  regions,  prepared  for 
the  use  of  the  Arctic  Expedition  of  1875 ;'  E.  Suess's '  Die  Entstehung 
der  Alpen ;'  Whitaker's  Guide  to  the  Geology  of  London  and  the 
-neighbourhood;'    G.  M.  Dawson's  'Report  on  the  Geology  and 
Resources  of  the  region  in  the  vicinity  of  the  49th  parallel,  from  the 
ILsike  of  the  Woods  to  the  Rocky  Mountains ;'  the  publications  of 
the  Comision  .del  Mapa  geologico  do  Espana ;  *  Report  of  the  Geolo- 
gical Survey  of  the  State  of  Missouri,'  by  G.  C.  Broadhead ;  «  Report 
of  the  United-States  Geological  Survey  of  the  Territories,'  vol.  vi. ; 
the  continuation  of  Dr.  H.  B.  Geinitz's  'Das  Elbthalgebirge  in 
Sachsen;'    A.   de  Zigno's   'Annotazioni    paleontologiche :    Sirenii 
foesili  trovati  nel  Veneto ;'  publications  of  the  Geological  Surveys  of 
New  Jersey,  Michigan,  Ohio,  and  Minnesota ;  Calderon's  « Estudios 
geologicos  de  Espana;'  Victorian  Mining  Reports;   'Memoire  sur 
Pachevement  des  travaux  d'amelioration  executes  aux  embouchures 
du  Danube ;'  the  conclusion  of  the  «  Reliquiso  Aquitanicae ;'  J.  W. 
Judd's  •  Geology  of  Rutland  and  parts  of  Lincoln,  Leicester,  North- 
ampton, Huntingdon,  and  Cambridge ;'  the  conclusion  of  Sandberger's 
*  Land-  und  Siisswasser-Conchylien  der  Vorwelt ;'  publications  of  the 
Geological  Surveys  of  California  and  Canada;  numerous  memoirs 
and  works  on  geology  and  palaeontology  (especially  Echinoderms),  by 

G.  Cotteau ;  Dana's  '  Manual  of  Geology,'  new  edition ;  W.  Boyd 
Dawkins's  *  Cave-hunting ;'  Duncan's  « Abstract  of  the  Geology  of 
India;'  E.  Favre's  'Recherches  geologiques  dans  la  partie  centrale 
de  la  chaine  du  Caucase ;'  T.  Sterry  Hunt's  *  Chemical  and  Geological 
Essays;'  and  Prof.  Whitney  'On  Geographical  and  Geological 
Surveys.' 

A  considerable  number  of  Maps  and  Flans  have  been  added  to 
the  Society's  Collection.  They  include : — the  Maps  of  the  Geological 
Surveys  of  Prussia,  Switzerland,  Sweden,  and  of  the  United-States 
Geological  and  Geographical  Survey  of  the  Territories ;  a  general 
Map  of  Central  Asia,  in  12  sheets,  published  by  the  Military 
Geographical  Institute  of  Yienna ;  A.  R.  Roessler's  Map  of  Llano 
County,  showing  Geology,  Mineral  localities,  Topography,  &c. ; 
A.  Roessler's  Map  of  Texas ;  map  showing  the  distribution  of  the 
Silurian  and  Carboniferous  formations  in  St.  George's  and  Port-a- 
Port  Bays,  Newfoundland,  by  A.  Murray ;  map  of  Gander  river  and 
lake,  by  A.  Murray ;  Geological  Sketchmap  of  New  Zealand,  by 
J.  Hector;  Geological  Map  of  the  British  Isles,  by  E.  Best;  and 
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numerous  sheets  of  the  Ordnanoe-Survey  Maps  of  Great  Britazm,  swi 
Charts  from  the  French  Depot  de  la  Marine. 

The  hooks  in  the  Society's  Library  hare  been  carefully  : 
upon  the  shelves;  and  considerable  progress  has  been  made  in  ti# 
preparation  of  a  new  Catalogue. 

The  Committee  regret  to  hare  again  to  call  attention  to  the  Isrft 
number  of  books  borrowed  by  Fellows,  and  detained  beyond  lie 
period  authorized  by  the  regulations,  in  consequence  of  which  tie 
utility  of  the  Library  is  seriously  impaired. 

Museum. 

In  the  Museum  the  definitive  rearrangement  of  the  Collections  bjs 
been  actively  proceeded  with,  and  the  revision  of  the  Foreign  Col- 
lection in  the  Cabinets  is  now  nearly  completed. 

Many  of  the  large  specimens  exhibited  in  the  octagon  oases  hro 
been  determined  and  relabelled. 

The  Collections  are  in  good  condition;  but  much  labour  has  still  to 
be  bestowed  upon  them  before  they  can  be  brought  into  satisfactory 
order. 

The  Additions  made  to  the  Museum  during  the  past  year  include:— 
specimens  and  photographs  from  near  Teignmouth,  presented  bj 
Mr.  G.  W.  Ormerod,  in  illustration  of  his  paper  on  the  Murchisonite- 
beds  in  that  locality ;  specimens  from  the  Woolwich  and  Beading  Beds 
near  Beading,  Berkshire,  presented  by  Prof.  T.  Rupert  Jones  and 
Mr.  C.  Cooper  King ;  a  collection  of  rocks  from  Griqualand  West, 
presented  by  Mr.  G.  W.  Stow ;  Cretaceous  fossils  from  Cambridge- 
shire, presented  by  Mr.  A.  J.  Jukes-Browne ;  specimen  of  Apatite 
from  Ottawa  Co.,  Canada,  presented  by  Dr.  J.  A.  Grant ;  Mammalian 
bones  from  the  Bone-cave  in  CresweU  Crags,  Derbyshire,  presented 
by  the  Bev.  J.  M.  Mello ;  fossils  from  Pingri  Nor,  Tibet,  presented 
by  Capt.  £.  F.  Chapman;  fossils  from  the  banks  of  the  Murray 
river,  presented  by  Mr.  F.  S.  Dutton ;  casts  of  fossil  insects,  presented 
by  Mr.  H.  Woodward ;  and  specimens  from  the  Behberg,  presented 
by  Mr.  W.  P.  Beale. 

Comparative  Statement  of  the  Number  of  the  Society  at  the 
close  of  the  tears  1874  aot  1875. 

Dec.  31, 1874.  Dec  31, 1873. 

Compounders 256  271 

Contributing  Fellows 601  662 

Non-contributing  Fellows..         352  335 

1209  1268 

Honorary  Members    3  3 

Foreign  Members 38  40 

Foreign  Correspondents 40  39 

1290  1350 
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ral  Statement  explanatory  of  the  Alteration  in  the  Number  of 
JE*leUow89  Honorary  Members,  £c.  at  (he  close  of  the  years  1874 
<*rrxd  1875. 


Number  of  Compounders,  Contributing  and  Non 
contributing  Fellows,  December  31, 1874    . , 

Add  Fellows  elected  during  former  year,  and 
paid  in  1875 

Add  Fellows  elected  and  paid  in  1875 


Deduct  Compounders  deceased 

Contributing  Fellows  deceased 

Non-contributing  Fellows  deceased 

Contributing  Fellows  resigned 

Contributing  Fellows  removed  .... 


1209 
16 

80 

1305 


4 
10 
13 

7 

3 
—        37 


Number  of  Honorary  Members,  Foreign] 
Members,  and  Foreign  Correspondents,  I 
December  31, 1874   J 

Add  Foreign  Members  elected  in  1875    . . 
Foreign  Correspondents  elected  in  1875 


81 

4 
3 

88 


Deduct  Foreign  Members  deceased    2 

Foreign  Correspondents  elected  Fo- 
reign Members 4 

—    6 


1268 


1350 


Capt.  W.  Innes,  R.E. 
Sir  Charles  Lyell,  Bart. 


Deceased  Fellows. 

Compounders  (4). 

Dr.  J.  Watts  Russell. 
It.  J.  Watson,  Esq. 


Resident  and  other  Contributing  Fellows  (10). 


W.  R.  Barr,  Esq. 
F.  H.  Brown,  Esq. 
J.  Church,  Esq. 
Dr.  J.  Halley. 
Eev.  Canon  Engsley. 


J.  Middleton,  Esq. 

N.  Plant,  Esq. 

Bight  Hon.  Sir  E.  Ryan. 

M.  W.  T.  Scott,  Esq. 

Right  Rev.  Bishop  ThirlwalL 


Non-contributing  Fellows  (13). 

General  J.  Briggs.  I  R.  H.  Greg,  Esq. 

Bey.  E.  J.  Burrow.  |  W.  P.  Hamond,  Esq. 
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Prof.  W.  M'Donald. 
F.  J.  Sloane,  Esq. 
W.  Sanders,  Esq. 
Col.  R.  Baird  8mith. 


W.  J.  Henwood,  Esq. 
Ven.  Archdeacon  Hony. 
Z.  D.  Hunt,  Esq. 
Sir  W.  E.  Logan. 
W.  Long,  Esq. 

Fweign  Members  (2). 
Prof.  G.  P.  Deshayes.  |  M.  J.  J.  d'Omalins  d'Hafloy. 

Fellows  Besigned  (7). 


E.  J.  Bcor,  Esq. 
H.  Bolden,  Esq. 
J.  Daglish,  Esq. 
Iieut.-Col.  R.  Home,  RE. 


W.  6.  Mitchell,  Esq. 
J.  Pentecost,  Esq. 
J.  N.  Shoolbred,  Esq. 


Fellows  Removed  (3). 

M.  Pullen,  Esq.  I  J.  Watson,  Esq. 

E.  H.  Wadge,  Esq.  | 

The  following  Personages  were  elected  from  the  Litt  of  Foreign  Cor- 
respondents  to  fill  the  vacancies  in  the  List  of  Foreign  Members 
during  the  year  1875. 

Prof.  PaulGervaie  of  Paris. 
Prof.  Theodor  Ejerulf  of  Christiania. 
Prof.  F.  A.  Quenstedt  of  Tubingen. 
Prof.  Fridolin  Sandberger  ofWiirzbnrg. 

The  following  Personages  were  elected  Foreign  Correspondents  during 
the  year  3875. 

Dr.  F.  V.  Hayden  of  Washington. 
Jules  Marcou,  Esq.,  of  Cambridge,  U.S. 
Prof.  Gustav  Tschermak  of  Vienna. 

The  following  Persons  were  elected  Fellows  during  Ote  year  1875. 

January  13th. — George  Guillaume  Andre\  Esq.,  1 6  Craven  Street, 
Strand,  W.C. ;  Alexander  Brogden,  Esq.,  M.P.,  51  Prince's  Gate, 
W. ;  Alfred  Eugene  Craven,  Esq.,  Kenwood  Bank,  Sharrow,  Shef- 
field ;  George  Welland  Mackenzie,  Esq.,  F.R.C.8.,  15  Hans  Place, 
S.W. ;  Major  Thomas  Benton  Brooks,  of  the  Geological  Survey  of 
Michigan  and  Wisconsin,  Marquette,  Michigan,  U.S. ;  Conway  Lloyd 
Morgan,  Esq.,  Assoc.  R.S.M.,  Weybridge  Heath,  Surrey;  Walter 
Flight,  Esq.,  D.Sc.  Lond.,  of  the  Mineral  Department  of  the  British 
Museum,  51  Lincoln's  Inn  Fields,  W.C. ;  Douglas  H.  Gordon,  Esq., 
6  Chichester  Road,  Westbourne  Square,  W. ;  Arthur  White,  Esq., 
The  Cedars,  Hammersmith  Road,  W. ;  and  Charles  Callaway,  Esq., 
M.A.,  B.Sc.,  283  Giossop  Road,  Sheffield. 

« 27th. — Alexander  Heatherington,  Esq.,  Halifax,  Nova  Scotia ; 

John  Cliff,  Esq.,  Runcorn ;  Henry  Wagner,  Esq.,  M.A.,  16  King 
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Street,  St.  James's  Square,  S.W. ;  Franklin  Gillespie,  M.D.,  Royal 
Military  College,  Sandhurst;  Richard  Nicholls  Worth,  Esq., 
3  Patna  Place,  Plymouth ;  John  Cowlishaw,  Esq.,  Chapeltown, 
near  Sheffield ;  Frederick  Warwick,  Esq.,  25  Bucklershury,  E.C. ; 
Robert  Darell  Smythe  Stephens,  Esq.,  St.  Stephens,  Plympton, 
Devonshire ;  Charles  Smith,  Esq.,  Crosslands,  Dalton-in-Furness ; 
and  Francis  Oats,  Esq.,  Government  Mining  Engineer,  Kimberley, 
Griqualand  West,  South  Africa. 

February  10th. — Rev.  J.  Jackson  Goadby,  Henley-on-Thames; 
Ernest  Howard  Griffiths,  Esq.,  B.A.,  Sidney-Sussex  College,  Cam- 
bridge; John  Harte,  Esq.,  Science-Master  at  Shaftesbury  Hall, 
Battersea,  S.W. ;  Joseph  Came  Ross,  Esq.,  Penzance ;  Dr.  Rein- 
hold  Fritzgartner,  33  Marton  Road,  MiddLesboro'-on-Tees ;  W.  H. 
Wilson,  Esq.,  Ph.D.,  Professor  of  Physical  Sciences,  Presidency 
College,  Madras ;  H.  J.  J.  Lavis,  Esq.,  University  College,  London ; 
Hortensius  Huxham,  Esq.,  Swansea;  J.  M.  Black,  Esq.,  19 
Bishopsgate  Street  Within,  E.C;  and  Henry  Norton,  Esq., 
Unthank's  Road,  Norwich. 

24th. — Carl  Alfred  Bock,  Esq.,  Great  Grimsby ;  Christopher 

N.  Dresser,  Esq.,  C.E.,  30  Park  Road,  Leeds ;  A.  G.  Renshaw, 
Esq.,  2  Suffolk  Lane,  Cannon  Street,  E.C;  and  W.  H.  Herbert, 
Esq.,  Havenfield  Lodge,  Great  Missenden,  Bucks. 

March  10th. — Rooke  Pennington,  Esq.,  LL.B.,  Clarendon  Terrace, 
Haulgh,  Bolton,  Lancashire ;  Jonathan  Harrison,  Esq.,  Coalville, 
Leicestershire;  Rev.  Henry  Edward  Maddock,  M.A.,  15  Hyde 
Gardens,  Eastbourne ;  Charles  Twite,  Esq.,  Calle  25  Mayo,  Monte 
Video ;  and  Philip  Yorke,  Esq.,  Erddig,  Wrexham. 

24th.— George  Berringer  Hall,  Esq.,  134  London  Wall,  E.C ; 

John  Foulerton,  M.D.,  44  Pembridge  Villas,  Bayswater,  W. ; 
Joseph  Denby  Sainter,  Esq.,  Macclesfield ;  John  Stubbins,  Esq., 
Chester  Cottage,  Old  Lane,  Halifax ;  and  George  Henry  Parke, 
Esq.,  Barrow-in-Furness. 

April  14th. — Louis  Compton  Miall,  Esq.,  Curator  of  the  Museum  of 
the  Leeds  Philosophical  Society ;  John  Brigg,  Esq.,  Broomfield, 
Keighley;  and  Henry  Davey,  Esq.,  Hyde  Lodge,  St.  John's 
Hill,  Leeds. 

28th.— W.  Bragge,  Esq.,  F.S.A.,  Shirle  Hill,  Sheffield ;  George 

M.  Dawson,  Esq.,  Assoc.  R.S.M.,  Geologist  to  H.M.  North- 
American -Boundary  Commission,  Montreal ;  J.Mortimer  Gran- 
ville, Esq.,  L.R.C.P.,  M.R.C.S.,  18  Euston  Square,  W.C ;  William 
Low,  Esq.,  M.InstCE.,  Roseneath,  Wrexham;  G.  F.  Thomas, 
Esq.,  C.E.,  8  King  Street,  Wrexham ;  Rev.  W.  Williams,  Christ- 
Church  Vicarage,  Cockermouth;  C  0.  Williams,  Esq.,  Holt 
Street,  Wrexham  ;  and  Edmond  Kelly,  Esq.,  B.A.,  New  York. 

May  12th. — John  Hickman  Barnes,  Esq.,  CE.,  30  Great  George 
Street,  S.W.;  Andrew  Ketchan  Barnett,  Esq.,  Chyandour,  Pen- 
zance ;  Rohert  D.  Roberts,  Esq.,  B.A.,  Clare  College,  Cambridge ; 
and  John  Henry  Spencer,  Esq.,  Crawshay  Booth,  Rawtenstall, 
Manchester. 

26th.— Capt.  H.  Wemyss  Feilden,  R.A.,  Naturalist  to  H.M. 
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Arctic  Expedition;  and  John  Robinson,  Esq.,  M.Inst.CJL, 
2  Westminster  Chambers,  Victoria  Street,  S.W. 

June  9th. — G.  S.  Boulger,  Esq.,  Cressingham,  Reading;  "William 
Johnson  Sollas,  Esq.,  B.A.,  Scholar  of  St  John's  College,  Cam- 
bridge ;  and  Capt.  A.  0.  Tabuteau,  93rd  Highlanders,  Woolwich. 

23rd. — Daniel  Adamson,  Esq.,  Hyde,  near  Manchester ;  Francis 

Davy  Longe,  Esq.,  4  YorkTerrace,  Cheltenham ;  and  Clement  Reid, 
Esq.,  of  the  Geological  Survey  of  England,  28  JennynStreet/S*W. 

November  3rd. — Thomas  Andrew,  Esq.,  18  Southernhay,  Exeter; 
Harry  M.  Becher,  Esq.,  White  Lodge,  Barnes,  S.W.;  Arthur 
Back  Kitchener,  Esq.,  F.C.S.,  19  Buckingham  Street,  Strand, 
W.C.;  Daniel  Morris,  Esq.,  Grammar  School,  Burnley;  Chris- 
topher Thomas  Richardson,  M.D.,  13  Nelson  Crescent,  Ramsgate ; 
and  Gustavus  A.  H.  Thureau,  Esq.,  Lecturer  on  Geology  and 
Practical  Mining,  School  of  Mines,  Sandhurst,  Victoria, 

17th.— Robert  Elliott  Cooper,  Esq.,  C.E.,  1  Westminster 

Chambers,  Victoria  Street,  S.W. ;  George  Fowler,  Esq.,  Assoc. 
Inst.CE.,  Ba&ford  Hall,  Nottinghamshire ;  and  William  Freche- 
ville,  Esq.,  Assoc  R.S.M.,  51  Scarsdale  Villas,  Kensington,  W. 

December  1st. — M.  Rodolfo  de  Arteaga,  Montevideo,  South  America ; 
William  Henry  Barnard,  Esq.,  Registrar,  School  of  Mines,  BaHa- 
arat,  Victoria,  Australia ;  Rev.  J.  Clifford,  M.A./LL.D.,  22  Alpha 
Road,  St.  John's  Wood,  N.W. ;  Lieut-General  Robert  Ktsgerald 
Copland-Crawford,  R.A.,  Sudbury  Lodge,  Harrow,  Middlesex; 
Walter  Derham,  Esq.,  B.A.,  Henleaze  Park,  Westbury-on-Trym, 
Bristol ;  James  Duigan,  Esq.,  Wanganui,  New  Zealand ;  George 
R.  Godson,  Esq.,  Assoc.Inst.CLE.,  14  Rutland  Gate,  Hyde  Park, 
W. ;  Rev.  Algernon  Sydney  Grenfell,  M.A.,  Mostyn  House,  Park 
Gate,  Chester ;  Sir  David  Salomons,  Bart.,  Broomhill,  Kent,  and 
Upper  Berkeley  Street,  W. ;  Aubrey  Strahan,  Esq.,  BJL,  of  the 
Geological  Survey  of  England,  28  Jermyn  Street,  S.W. ;  William 
Thomas,  Esq.,  Glyncastle,  Resolven,  Neath;  Edward  Wethered, 
Esq.,  F.C.S.,  Heatherfield  House,  The  Avenue,  Clifton,  Bristol; 
Rev.  Burgess  Wilkinson,  Melboura,  Cambridgeshire ;  and  Edward 
Alfred  Wiinsch,  Esq.,  Makerston  House,  Largs,  N.B. 

■  15th. — Francis  James  Bennett,  Esq.,  of  the  Geological  Survey 
of  England,  28  Jermyn  Street,  S.W. ;  Alfred  Allinson  Bourne, 
Esq.,  M.A.,  Rossall  School,  Fleetwood ;  Charles  Thomas  dough, 
Esq.,  B.A.,  of  the  Geological  Survey  of  England,  28  Jermyn 
Street,  S.W. ;  John  Law  Cherry,  Esq.,  Grove  Terrace,  Havelock 
Place,  Hanley,  Staffordshire ;  William  Herbert  Dalton,  Esq.,  of 
the  Geological  Survey  of  England,  28  Jermyn  Street,  8.W.; 
Walter  Saise,  Esq.,  B.Sc.  Lond.,  Holly  Lodge,  St.  George,  Bristol ; 
James  Weeks  Szlumper,  Esq.,  MJnst.CE.,  Aberystwith;  and 
Lamont  H.  G.  Young,  Esq.,  Assoc  R.S.M.,  Lynedale-Manor  Road, 
Forest  Hill,  S.E. 

The  following  lists  contain  the  Names  of  Persons  and  Public  Bodies 
from  whom  the  Society  has  received  Donations  to  the  Library  and 
Museum  since  the  last  Anniversary  Meeting,  February  19,  1875. 
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I.  List  of  Societies  and  Public  Bodies  from  whom  Donations  of  Books 
have  been  received  since  the  last  Anniversary  Meeting. 


Admiralty,  Lords  Commissioners 
of  the. 

Bath  Natural-History  and  Anti- 
quarian Field  Club. 

Belfast  Natural-History  and  Phi- 
losophical Society. 

Naturalists'  Field  Club. 

Berlin.  German  Geological  So- 
ciety. 

.  Prussian  Ministry  of  In- 
dustry, Commerce,  &c. 

.  Royal  Prussian  Academy. 

.     Society  of  Naturalists  of. 

Bombay.  Royal  Asiatic  Society, 
Bombay  Branch. 

BostonSociety  ofNatural  History. 

Bristol,  Naturalists'  Society  of. 

Brussels,  Malaoological  Society  of. 

Buffalo  Society  of  Natural  Sci- 
ences. 

Caen.  Geological  Society  of 
Normandy. 

Calcutta.  Asiatic  Society  of 
Bengal. 

Cambridge,  U.  S.  American  Aca- 
demy of  Arts  and  Sciences. 

Canada,  Geological  Survey  of. 

Christiania,  Society  of  Sciences  o£ 

Copenhagen.  Royal  Danish  Aca- 
demy. 

Cracow,  Natural-History  Society 
of. 

Danube.  European  Commission. 
Darmstadt,  Geological  Society  of. 
Devonshire  Scientific  Association. 
Dorpat,  Naturalists'  Society  of. 
Dresden.      Academia     Naturae 

Curiosorum. 
,    (Isis)    Natural  -  History 

Society  oi\ 
Dublin.     Royal  Dublin  Society. 
.     Royal  Geological  Society 

of  Ireland. 


Dublin.     Royal  Irish  Academy. 

Eastbourne  Natural-History  So- 
ciety. 

Edinburgh,  Royal  Society  of. 

Exeter.  Teign  Naturalists' Field 
Club. 

Falmouth.  Royal  Cornwall  Poly- 
technic Society. 

Geneva,  Physical  and  Natural- 
History  Society  of. 
Glasgow,  Geological  Society  of. 
GreatBritain,GeologicalSurveyof. 

Haarlem,  Society  of  Sciences  of. 

Halifax  (N.S.).  Nova-Scotian 
Institute  of  Natural  Sciences. 

Hanover,  Natural-History  Soci- 
ety o£ 

Heidelberg,  Natural-History  and 
Medical  Society  of. 

Indian  Government. 
Indiana,  Geological  Survey  of. 
Italy,  Royal  Geological  Commis- 
sion o£ 

Kasan,  University  of. 

Lausanne.    Vaudoise  Society  of 

Natural  Sciences. 
Leeds,  Philosophical  and  Literary 

Society  of. 
Leoben    and    Pribram,   Mining 

Academy  of. 
Liege.      Geological    Society    of 

Belgium. 

,  Royal  Society  of  Sciences  of. 

Iille.    Geological  Society  of  the 

North  of  France. 
Liverpool,  Geological  Society  of. 
,  Literary  and  Philosophical 

Society  of. 
London,  Art  Union  of. 
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London,    British  Association. 

.     Chemical  Society. 

.     East-Indian  Association. 

.     Geologists'  Association. 

.  Institution  of  Civil  En- 
gineers. 

— .     Linnean  Society. 

.  Palaeontographical  So- 
ciety. 

.     Photographic  Society. 

,  Physical  Society  o£ 

.    Quekett      Microscopical 

Clnb. 

— .    Bay  Society. 

— .  Boyal  Agricultural  So- 
ciety of  England. 

.    Boyal  Asiatic  Society  of 

Great  Britain. 

.  Boyal  Astronomical  So- 
ciety. 

.  Boyal  Geographical  So- 
ciety. 

.    Boyal  Institution. 

.     Boyal  Society. 

.     Society  of  Arts. 

.  Society  of  Biblical  Ar- 
chaeology. 

.     Victoria  Institute. 

.     Zoological  Society. 

Lyons.  Meteorological  Com- 
mission. 

Manchester,  Geological  Society 
of. 

,  Literary  and  Philosophi- 
cal Society  of. 

Mexico,  Society  of  Natural  His- 
tory of. 

Michigan,  Geological  Survey  of. 

Milan.  Italian  Society  of  Na- 
tural Sciences. 

.    Boyal  Lombard  Institute. 

Montreal,  Natural-History  So- 
ciety of. 

Moscow,  Imperial  Society  of 
Naturalists  of. 

Munich,  Academy  of  Sciences  of. 

Nancy,  Society  of  Sciences  of. 
Netherlands,  Government  of  the. 


Neuchatel,  Society  of   Natural 

Sciences  of. 
Newcastle-on-Tyne.      Norta-o*- 

England  Institute  of  Mining 

Engineers. 
.  Northumberland  and  Dur- 
ham Natural-History  Society. 
Newfoundland,  GeologicalSurrcy 

of. 
New  Jersey,  Geological  Survey  of. 
New  South  Wales,  Government  of  . 
New  Zealand,  Geological  Survey 

of. 
New-Zealand  Institute. 
North  Staffordshire  Naturalists' 

Field  Club. 
Nova    Scotia,    Commissioner   of 

Public  Works  and  Mines  of. 

Paris.    Academy  of  Sciences. 

.     De'pot  de  la  Marine. 

.     Geological    Society     of 

France. 

Philadelphia,  Academy  of  Natural 
Sciences  o£ 

.     American  Philosophical 

Society. 

.    Franklin  Institute. 

,  Zoological  Society  of. 

Pisa.  Tuscan  Society  of  Natu- 
ral Sciences. 

Plymouth  Institution. 

Bugby  School,  Natural-History 
Society  of. 

St.  Louis,  Academy  of  Sciences  ot 

St.  Petersburg,  Imperial  Academy 
of  Sciences  of. 

South-Australian  Government. 

Spain,  Geological  Survey  of. 

Swansea.  South- Wales  Insti- 
tute of  Engineers. 

Sweden,  Geological  Survey  of. 

Swiss  Natural-History  Society. 

Sydney,  Boyal  Society  of  New 
South  Wales. 

Tasmania,  Boyal  Society  of. 
Tonbridge- Wells  Association. 
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Toulouse,  Natural-History  So- 
ciety of. 

Turin,  Royal  Academy  of  Sciences 
of. 

,  University  ot 

United  States,  Government  of 
the. 

Victoria,  Geological  Survey  of. 

,  Government  of. 

,  Eoyal  Society  of. 

Vienna,  Imperial  Academy  of 
Sciences  of. 

,  Geological  Institute  of. 

— ,  Zoologico  -  Botanical  So- 
ciety of. 


Warwickshire  Natural-History 
and  Archaeological  Society. 

Naturalists*  and  Archaeolo- 
gists' Field-Club. 

Washington.  Smithsonian  In- 
stitution. 

Watford  Natural-History  Society. 

Wiesbaden.  Natural-History  So- 
ciety of  Nassau. 

Wiirttemberg,  Natural-History 
Society  of 

Yokohama.  German  Natural- 
History  and  Ethnological  So- 
ciety for  Eastern  Asia. 

Yorkshire  College  of  Science. 
■  Philosophical  Society. 


II.  list  containing  the  names  of  Persons  from  whom  Donations 
to  the  Library  and  Museum  have  been  received  since  the  last 
Anniversary  Meeting. 


Adams,  Dr.  A.  Leith,  F.G.S. 
American    Journal  of   Science, 

Editors  of  the. 
Andrew,  T.,  Esq. 
Annales  des  Mines,  Editors   of 

the. 
Athenaeum,  Editor  of  the. 

Barcena,  Don  Mariano. 

Barkas,  W.  J.,  Esq. 

Bauerman,  H.,  Esq.,  F.G.S. 

Bayan,  M.  F. 

Beale,  W.  P.,  Esq.,  F.G.S. 

Becker,  B.  H.,  Esq. 

Beilby,  J.  W.,  Esq. 

Belfc,  T.,  Esq.,  F.G.S. 

Best,  E.,  Esq. 

Bland,  Dr.  T. 

Bonney,  Rev.  T.  G.,  F.G.S. 

Borre,  M.  A.  Preudhomme  de. 

Bottger,  Dr.  0. 

Brigg,  John,  Esq. 


Broadhead,  G.  C,  Esq. 
Buckman,  James,  Esq.,  F.G.S. 
Buller,  W.  L.,  Esq.,  F.G.S. 

Calderon,  M.  S. 

Callard,  T.  Karr,  Esq.,  F.G.S. 

Canadian    Journal,   Editors    of 

the. 
Capellini,  Prof.  E.,  F.C.G.S. 
Chantre,  M.  E. 
Chapman,  Capt.  E.  F. 
Chemical  News,  Editor  of  the. 
Christy,  Executors  of  the  late  H., 

Esq. 
Clarke,  Rev.  W.  B.,  F.G.S. 
Cohen,  Dr.  E. 

Colliery  Guardian,  Editor  of  the. 
Colonies,  Secretary  of  State  for 

the. 
Cooke,  J.  P.,  Esq.,  jun. 
Cotteau,  M.  G.,  F.C.G.S. 
Credner,  Prof.  H.,  F.C.G.S. 
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Croft,  T.,  Esq. 
Carrey,  F.,  Esq. 

D'Achiardi,  Prof.  A. 
Dallas,  W.S.,  Esq. 
Dalton,  W.  H.,  Esq. 
Dana,  Prof.  J.  D.,  F.M.G.S. 
Danby,  T.  W.,  Esq.,  F.G.S. 
Dawkins,  Prof.  W.  Boyd,  F.G& 
Dawson,  Br.  J.  W.,  F.G.S. 

,  G.  M.,  Esq.,  F.G.S. 

De  Candolle,  M.  A. 

Delaire,  M.  A. 

Delesse,  Prof.  A.,  F.M.G.8. 

De  Bance,  C.  E.,  Esq.,  F.G.S. 

Dewalque,  Prof.  G.,  F.C.G.S. 

Drew,  F.,  Esq.,  F.G.S. 

Drummond,  J.,  Esq. 

Dumont,  M.  G. 

Duncan,  Prof.  P.  M.,  F.G.S. 

Dutton,  F.  S.,  Esq. 

Favre,  M.  E. 

Fisher,  Rev.  O.,  F.G.S. 

Foreign    Affairs,    Secretary    of 

State  for. 
Francis,  Dr.  W.,  F.G.S. 
Fuchs,  Prof.  T.  H. 

Gastaldi,  Prof.  B.,  F.M.G.S. 
Gaudry,  Prof.  A.,  F.M.G.S. 
Geinitz,  Dr.  H.  B.,  F.M.G.S. 
Geological  Magazine,  Editor  of 

the. 
Geyler,  Dr.  H.  T. 
Giebel,  Prof.  C.  G. 
Godwin-Austen,  Major  H.  H. 
Gosselet,  M.  J. 
Grant,  Dr.  J.  A.,  F.G.S. 
Gumbel,  Dr.  C.  W.,  F.C.G.S. 
Guppy,  R.  J.  L.,  Esq.,  F.G.S. 

Haigh,  E.,  Esq. 
HaU,  T.  M.,  Esq.,  F.G.S. 
Harrison,  "W.  H.,  Esq. 
Hayden,  Dr.  F.  V.,  F.C.G.S. 
Hector,  Dr.  James,  F.G.S. 
Hcftert,  Prof.  E.,  F.M.G.S 
Heer,  Prof.  O.,  F.M.G.S. 
Helmersen,Gen.  G.  von,  F.M.G.S. 


Homer,  C.  J.,  Esq.,  F.GJ&. 
Hour,  Editor  of  the. 
Hughes,  Prof.  T.  M'K.,  F.G.S. 
Hulke,  J.  W.,  Esq.,  F.G  A 
Hunt,  R.,  Esq. 
,  Dr.  T.  Sterry. 

Jahrbuch  fur  Mineralogie,  Geo- 
logic, &c.,  Editors  of  the. 
Jervis,  W.  P.,  Esq.,  F.G.S. 
Johnstrup,  M.  F. 
Jones,  John,  Esq.,  F.G.S. 
Jones,  Prof.  T.  Rupert,  F.G-S. 
Judd,  J.  W.,  Esq.,  F.G.S. 
Jukes-Browne,  A.  J.,  Esq.,  F.G.8. 

King,  Capt.  C.  Cooper,  F.G  A 
Kingston,  Sir  G.  S. 
Kjerulf,  Prof.  T.,  FJLG.S. 
Koninck,  Prof.  L.  G.  de,  F.M.GJB. 

Lawley,  R.,  Esq. 

Lea,  Isaac,  Esq. 

Lehour,  G.  A.,  Esq.,  F.G  A 
I  Lee,  J.  E.,  Esq.,  F.G.S. 
I  Lefevre,M.T. 

Leith,  J.,  Esq. 

Liversidge,  A.,  Esq.,  F.G.8. 

London,  Edinburgh,  and  Dublin 
Philosophical  Magazine,  Edi- 
tors of  the. 

Lessen,  M.  K.  A. 

Mackay,  B.  T.,  Esq. 
Mackenzie,  J.,  Esq.,  F.G.8. 
Mackinlay,  Mrs.  K. 
MacPherson,  J.,  Esq. 
Macvicar,  Rev.  J.  G. 
Mallet,  R.,  Esq.,  F.G.S. 
Marsh,  Prof.  O.  C,  F.G.S 
Martins,  Prof.  C,  F.C.G.S. 
Mello,  Rev.  J.  M.,  F.G.S. 
Mohl,  Prof.  H. 
Mojsisovics,  Dr.  E.  von. 
Monthly  Microscopical  Journal, 

Editors  of  the. 
Morphett,  J.  C,  Esq. 
Morris,  Prof.  J.,  F.G.S. 
Mourlon,  M.  M. 
Muller,  Dr.  A. 
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Murray,  A.,  Esq.,  F.G.S. 

Nature,  Editor  of. 
Nehring,  Dr.  A. 
Newberry,  Br.  J.  S.,  F.C.G.S. 
Noel,  Major  R.  R. 

Omboni,  M.  G. 

Ormerod,  G.  W.,  Esq.,  F.G.S. 

Parker,  J.,  Esq.,  F.G.8. 
Pengelly,  W.,  Esq.,  P.G.S. 
Plant,  J.,  Esq.,  F.G.S. 
Prestwich,  Prof.  J.,  F.G.S. 
Price,  F.  G.  H.,  Esq.,  F.G.S. 

Rathbun,  R.,  Esq. 

Reade,  T.  Mellard,  Esq.,  F.G.S. 

Revue   Scientifique,  Editors  of 

the. 
Ricketts,  Br.  C,  F.G.S. 
Roesaler,  A.  R.,  Esq. 

Sandberger,  Prof.  F.,  F.M.G.S. 
Sargeant,  R.  A.,  Esq. 
Schiotz,  M.  0.  E. 
Seguenza,  Prof.  G.,  F.C.G.S. 
Sexe,  M.  S.  A. 
Sharp,  Samuel,  Esq.,  F.G.S. 
Smith,  E.  A.,  Esq. 
Stow,  G.  W.,  Esq.,  F.G.S. 
Struokmann,  Dr.  C. 
Striiver,  Dr.  G. 
Studer,  Prof.  B.,  F.M.G.S. 
Suess,  Prof.  E.,  F.C.G.S. 


Tate,  R.,  Esq.,  F.G.S. 
Tawney,  E.  B.,  Esq.,  F.G.S. 
Tennant,  Prof.  J.,  F.G.S. 
Thomson,  James,  Esq.,  F.G.S. 
Tiddeman,  R.  H.,  Esq.,  F.G.S. 
Topley,  W.,  Esq.,  F.G.S. 
Trafford,  F.  W.  C,  Esq. 
Traquair,  Dr.  R.  H.,  F.G.S. 
Tschermak,  Dr.  G.,  F.C.G.S. 
Twamley,  C,  Esq.,  F.G.S. 
Tylor,  Alfred,  Esq.,  F.G.S. 

Ulrich,  G.  H.  P.,  Esq.,  F.G.S. 

Vavay,  M.  A.  von. 

Wallich,  Dr.  G.  C. 
War,  Secretary  of  State  for. 
Ward,  J.  C,  Esq.,  F.G.S. 
Warren,  G.  K.,  Esq. 
Watelet,  M.  G. 
Whitaker,  W.,  Esq.,  F.G.S. 
Whitney,  Prof.  J.  D.,  F.C.G.S. 
Winchell,  A.,  Esq. 
WoldHch,  Dr.  J.  N. 
Wonfor,  T.  W.,  Esq. 
Woodward,  H.,  Esq.,  F.G.S. 
Woodward,  H.  B.,  Esq.,  F.GJ5. 
Wright,  Dr.  T.,  F.G.S. 

Zagiell,  M.  J.  T.  Prince. 
Zigno,  Baron  A.  de,  F.C.G.S. 
Zirkel,  Prof.  F.,  F.C.G.S. 


List  of  Papebs  read  since  (he  last  Anniversary  Meeting, 
February  19&,  1875. 

1875. 

February  24th. — On  the  Murchisonite-beds  of  the  Estuary  of  the 

Ex,  and  an  attempt  to  classify  the  beds  of  the  Trias  thereby,  by 

G.  Wareing  Ormerod,  Esq.,  M.A.,  F.G.S. 
—  On  some  newly  exposed  Sections  of  the  "  Woolwich  and 

Reading  beds"  near  Reading,  Berks.,  by  Prof.  T.  Rupert  Jones, 

F.R.S.,  F.G.S.,  and  C.  Cooper  King,  Esq.,  R.M.  Art,  F.G.S. 


Digitized  by  VjOOQ IC 


30  PB0CEEDING8  OF  THE  GEOLOGICAL  SOCIETY. 

1875. 

February  24th. — On  the  Origin  of  Slickenaides,  with  remarks  on  spe- 
cimens from  the  Cambrian,  Silurian,  Carboniferous,  and  Triassie 
Formations,  by  D.  Mackintosh,  Esq.,  F.G.S. 

March  10th. — The  Bocks  of  the  Mining  Districts  of  Cornwall,  and 
their  relation  to  Metalliferous  Deposits,  by  John  Arthur  Phillips, 
Esq.,  M.  Inst.  C.E.,  F.G.8. 

March  24th. — On  the  occurrence  of  Phosphates  in  the  Cambrian 
Rocks,  by  Henry  Hicks,  Esq.,  F.G.8. 

Note  on  the  structure  of  the  Phosphatic  nodules  from  the 

top  of  the  Bala  Limestone  in  North  Wales,  by  M.   Hawkins 
Johnson,  Esq.,  F.G.8. 

On  tiie  Maxillary  Bone  of  a  new  Dinosaur,  Priodontogna- 


thus  PhUlipsiiy  contained  in  the  Wood wardian  Museum  of  the 
University  of  Cambridge,  by  Harry  Govier  Seeley,  Esq.,  F.L.S., 
F.G.S.,  Professor  of  Physical  Geography  in  Bedford  College, 
London. 

Description  of  a  new  Species  of  the  genus  Hemipatagus, 


Desor,  from  the  Tertiary  Bocks  of  Victoria,  Australia;  with  Notes 

on  some  previously  described  Species  from  South  Australia,  by  B. 

Etheridge,  Esq.,  jun.,  F.G.S. 
April    14th. — Descriptions  of  new  Corals  from  the  Carboniferous 

Limestone  of  Scotland,  by  James  Thomson,  Esq.,  F.G.S. 
On  the  Probable  Existence  of  a  considerable  Fault  in  the 

Lias  near  Bugby,  and  of  a  New  Outlier  of  the  Oolite,  by  J.  M. 

Wilson,  Esq.,  M.A.,  F.G.S. 

On  a  Labyrinthodont  from  the  Coal-measures,  by  J.  M. 


Wilson,  Esq.,  M.A.,  F.G.S. 

—  On  Cruziana  semiplicata,  by  J.  L.  Tupper,  Esq.,  M.A. 


Communicated  by  J.  M.  Wilson,  Esq.,  M.A.,  F.G.S. 
April  28th. — On  Stagonolepis  Robertson*,  and  on  the  Evolution  of  the 

Crocodilia,  by  Prof.  T.  H.  Huxley,  Sec.  B.S.,  F.G.S. 
On  the  Bemains  of  a  Fossil  Forest  in  the  Coal-measures 

at  Wadsley,  near  Sheffield,  by  H.  C.  Sorby,  Esq.,  F.B.S.,  F.GJ3. 
On  FavisteUa  steUata  and  FavisteUa  ccdicina,  with  Notes 


on  the  affinities  of  FavisteUa  and  allied  genera,  by  Prof.  H.  Alleyne 

Nicholson,  M.D.,  D.Sc.,  F.B.S.E.,  F.G.S. 
May  12th. — Notes  on  the  occurrence  of  Eozoon  canadense  at  Ctte 

St  Pierre,  by  Principal  Dawson,  LL.D.,  F.B.S.,  F.G.S. 
• Bemarks  upon  Mr.  Mallet's  Theory  of  Volcanic  Energy, 

by  the  Bev.  0.  Fisher,  M.A.,  F.G.S. 
May  26th. — On  some  peculiarities  in  the  Microscopic  Structure  of 

Felspars,  by  Frank  Butley,  Esq.,  F.G.S. 

■ On  the  lias  about  Badstock,  by  Balph  Tate,  Esq.,  F.G.S, 

On  the  Axis  of  a  Dinosaur  from  the  Wealden  of  the  Isle 

of  Wight,  probably  referable  to  Iguanodon,  by  Prof.  H.  G.  Seeley, 

F.L.S.,  F.G.S. 

On  an   Ornithosaurian  from  the  Purbeck  Limestone  of 


Langton,  near  Swanage  (Voratorhynchus  validus),  by  Prof.  H.  G. 
Seeley,  F.L.S.,  F.OST 
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Jane   9th. — On  Prorastomus  sirenoidts,  Owen  (Part  II.),  by  Prof. 

Owen,  C.B.,  F.R.S.,  F.G.S. 
On  the  Structure  of  the  SkuU  of  Bhizodits,  by  L.  C.  Miall, 

Esq.,  F.G.S. 

Appendix  to  a  "  Note  on  a  modified  form  of  Dinosaurian 


Ilium,  hitherto  reputed  Scapula,"  by  J.  W.  Hulke,  Esq.,  F.R.H., 
F.G.S. 

Notes  on  the  Palaeozoic  Echini,  by  Walter  Keeping,  Esq. 

Communicated  by  Prof.  T.  M'K.  Hughes,  F.G.S. 

On  some  Fossil  Alcyonaria  from  the  Australian  Tertiary 

Deposits,  by  Prof.  P.  Martin  Duncan,  F.R.S.,  V.P.G.S. 

On  some  Fossil  Alcyonaria  from  the  Tertiary  Deposits  of 


New  Zealand,  by  Prof.  P.  Martin  Duncan,  F.R.S.,  V.P.G.S. 

On  some  Fossil  Corals  from  the  Tasmanian  Tertiary  De- 


posits, by  Prof.  P.  Martin  Duncan,  F.R.S.,  V.P.G.S. 

June  23rd. — Some  Observations  on  the  Rev.  0.  Fisher's  Remarks  on 
Mr.  Mallet's  Theory  of  Volcanic  Energy,  read  May  12,  1875,  by 
Robert  Mallet,  Esq.,  F.R.S.,  F.G.S. 

On  the  Physical  Conditions  under  which  the  Cambrian 

and  Lower  Silurian  Rocks  were  probably  deposited  over  the  Euro- 
pean Area,  by  Henry  Hicks,  Esq.,  F.G.S. 

On  a  Bone-cave  in  Creswell  Crags,  by  the  Rev.  J.  Magens 


Mello,  M.A.,  F.G.S. 

Notes  on  Haytor  Iron-mine,  by  Clement  Le  Neve  Foster, 


Esq.,  B.A.,  D.Sc.,  F.G.S. 

On  the  Formation  of  the  Polar  Ice-cap,  by  J.  J.  Murphy, 


Esq.,  F.G.S. 

Notes  on  the  Gasteropoda  of  the  Guelph  Formation  of 


Canada,  by  Prof.  H.  Alleyne  Nicholson,  M.D.,  D.Sc.,  F.R.S.E., 
F.G.S. 

Description  of  a  New  Genus  of  Tabulate  Coral,  by  G.  J. 


Hinde,  Esq.,  F.G.S. 

On  the  Superficial  Geology  of  the  Central  Region  of 


North  America,  by  G.  M.  Dawson,  Esq.,  Assoc.  R.S.M.   Communi- 
cated by  Dr.  Bigsby,  F.R.S.,  F.G.S. 

On  some  important  Facts  connected  with  the  Boulders 


and  Drifts  of  the  Eden  Valley,  and  their  bearing  on  the  Theory  of 
a  Melting  Ice-sheet  charged  throughout  with  Rock-fragments,  by 
D.  Mackintosh,  Esq.,  F.G.S. 

Observations  on  the  unequal  Distribution  of  Drift  on 


opposite  sides  of  the  Pennine  Chain,  in  the  country  about  the 
source  of  the  river  Calder,  with  suggestions  as  to  the  causes 
which  led  to  that  result,  together  with  some  notices  on  the  High-? 
level  Drift  in  the  upper  part  of  the  valley  of  the  river  Irwell,  by 
John  Aitken,  Esq.,  F.G.S. 

On  the  Granitic,  Granitoid,  and  associated  Metamorphic 


Bocks  of  the  Lake-district,  by  J.  Clifton  Ward,  Esq.,  F.G.S. 
Farts  I.  &  II. 
On  the  Correlation  of  the  Deposits  in  Cem  and  Pont- 


vol.  xxxii.  c 
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newydd  Caves  with  the  Drifts  of  the  neighbor 
intosh,  Esq.,  F.G.S. 
June  23rd.— Geological  Notes  from  the  State  of  1 
B.  Lloyd,  Esq.,  F.G.S. 

On  a  Vertebrate  Fossil  from  the  G 

which  also  occurs  in  the  Cambridge  Greens* 
Seeley,  F.L.S.,  F.G.S. 

November  3rd. — On  some  new  Macrurous  C 
Kimmeridge  Clay  of  the  Sub-Wealden  boring 
Boulogne-sur-Mer,  by  H.  Woodward,  Esq.,  F. 

On  a  new  Fossil  Crab  from  the  Tertia 

by  H.  Woodward,  Esq.,  F.R.S.,  F.G.S. 

On  a  remarkable  Fossil  Orthopteroi 


Coal-measures  of  Britain,  by  H.  Woodward,  ] 
On  the  Discovery  of  a  Fossil  Scorp 


Coal-measures,  by  H.  Woodward,  Esq.,  F.R.S 
The  Drift  of  Devon  and  Cornwall,  its 


with  that  of  the  South-east  of  England,  and 
series,  by  Thomas  Belt,  Esq.,  F.G.S. 

November  17th. — On  a  new  Modification  of  Dii 
by  Prof.  Bichard  Owen,  C.B.,  F.R.S.,  F.G.S. 

■  On  the  presence  of  the  Forest-bed  se 

and  Pakefield,  in  Suffolk,  and  its  position  ben 
Clay,  by  John  Gunn,  Esq.,  M.A.,  F.G.S. 

December  1st. — On  the  Granitic,  Granitoid,  ai 
morphic  Hocks  of  the  Lake-district,  by  J.  ( 
F.G.S.     Parts  III.-V. 

December  15th. — Notes  on  the  Physical  GeoL 
during  the  Glacial  Period,  by  W.  H.  Penning 

Denuding  Agencies  and  Geological  I 

Flow  of  Ice  and  Water,  with  the  Laws  w 
actions,  and  the  special  bearing  on  river-actio 
the  Mississippi  and  other  great  rivers,  and  tb 
Meteorological  conditions,  and  similar  remarks 
illustrated  by  the  Irish  Sea  and  the  Chesil  Bet 
Esq.,F.G.S. 

1876. 

January  6th. — Historical  and  Personal  Evide 
beneath  the  Sea,  mainly,  if  not  entirely,  in 
Fifteenth  Centuries,  of  several  tracts  of  L 
constituted  parts  of  the  Isle   of  Jersey,  1 
Esq.,  F.G.S. 

The  Physical  Conditions  under  whicl 

and  succeeding  Palaeozoic  Rocks  were  probabi 
Northern  Hemisphere,  by  H.  Hicks,  Esq.,  F. 

January  19th. — On  some  Unicellular  Algae  pan 
and  Tertiary  Corals,  with  a  notice  of  their  ] 
sandalina  and  other  fossils,  by  Prof.  P.  Mai 
VP.G.S. 
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Erauary   19th. — How  Anglesey  became  an  Island,  by  Prof.  A.  C. 

IRamsay,  LL.D.,  F.R.S.,  V.P.G.S. 
'ebruary    2nd. — Evidence  of  a  Carnivorous  Reptile  (Cynodracon 

major,  Ow.)  about  the  6ize  of  a  Lion,  with  remarks  thereon,  by 

J?rof.  Richard  Owen,  C.B.,  F.R.S.,  F.G.8. 

■  On  the  Occurrence  of  the  Genus  Astrocrinites  (Austin)  in 

the  Scotch  Carboniferous  Limestone  Series,  with  the  Description 

of  a  New  Species  (A.  ?  Benniei),  and  Remarks  on  the  Genus,  by  R. 

Etheridga,  Esq.,  Jun.,  F.G.S. 

On  the  Genus  Merycochoerus  (Family  Oreodontidae),  with 


descriptions  of  two  new  species,  by  G.  T.  Bettany,  Esq.,  B.A. 
Communicated  by  Prof.  T.  MCK.  Hughes,  F.G.S. 


After  the  Reports  had  been  read,  it  was  resolved 

That  they  be  received  and  entered  on  the  Minutes  of  the  Meeting, 
and  that  such  parts  of  them  as  the  Council  shall  think  fit  be  printed 
and  distributed  among  the  Fellows. 


It  was  afterwards  resolved : — 

That  the  thanks  of  the  Society  be  given  to  John  Evans,  Esq., 
retiring  from  the  office  of  President. 

That  the  thanks  of  the  Society  be  given  to  Professor  P.  Martin 
Duncan  and  R.  Etheridge,  Esq.,  retiring  from  the  office  of  Vice- 
President. 

That  the  thanks  of  the  Society  be  given  to  Prof.  T.  M'Kenny 
Hughes,  C.  J.  A.  Meyer,  Esq.,  J.  Carrick  Moore,  Esq.,  H.  C.  Sorby, 
Esq.,  and  Prof.  Tennant,  retiring  from  the  Council. 


After  the  Balloting-glasses  had  been  duly  closed,  and  the  lists 
examined  by  the  Scrutineers,  the  following  gentlemen  were  declared 
to  have  been  duly  elected  as  the  Officers  and  Council  for  the  ensuing 
year:— 

e2 
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Sir  P.  de  M.  Grey  Egerton,  Bart.,  M.P.,  F.R.S. 

R.  A.  C.  Godwin-Austen,  Esq.,  F.R.S. 

J.  W.  Hulke,  Esq.,  F.R.S. 
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Samuel  Sharp,  Esq.,  F.S.A. 

Warington  W.  Smyth,  Esq.,  MJL, 

FJLS. 
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LIST  OF 

THE  FOREIGN  MEMBERS 
OF  THE  GEOLOGICAL  SOCIETY  OF  LONDON,  in  1875. 

Dftte  of 
Election. 

1819.  Count  A.  Breunner,  Vienna. 

1822.  Count  Yitaliano  Borromeo,  Milan, 

1827.  Dr.  H.  von  Dechen,  Bonn, 

1829.  Dr.  Ami  Bou6,  Vienna, 

1839.  Dr.  Ch.  G.  Ehrenberg,  For.  Mem.  RS.,  Berlin. 

1840.  Professor  Adolphe  T.  Brongniart,  For.  Mem.  R.S.,  Pari$. 
1844.  William  Burton  Rogers,  Esq.,  Boston,  U.  S. 

1848.  James  Hall,  Esq.,  Albany,  Slate  of  New  York. 

1850.  Professor  Bernard  Studer,  Berne. 

1851.  Professor  James  D.  Dana,  New  Haven,  Connecticut. 
1851.  General  G.  von  Helmersen,  St.  Petersburg. 

1851.  Professor  Angelo  Sismonda,  lurin. 

1853.  Count  Alexander  von  Keyserling,  Rat/hull,  via  Beval,  Bsthoma^ 
Russia. 

1853.  Professor  L.  G.  de  Koninck,  LUge. 

1854.  M.  Joachim  Barrande,  Prague. 

1856.  Professor  Robert  W.  Bunsen,  For.  Mem.  RS.,  Heidelberg. 

1857.  Piofessor  H.  R  Goeppert,  Breslau. 
1857.  Professor  H.  R  Geinitz,  Dresden. 
1857.  Dr.  Hermann  Abich,  Tifiis. 
1859.  Professor  A.  Delesse,  Paris. 

1859.  Dr.  Ferdinand  Roemer,  Breslau. 

1860.  Dr.  H  Milne-Edwards,  For.  Mem.  RS.,  Paris. 
1862.  Baron  Sartorius  von  Waltershausen,  QotUngen. 
1862.  Professor  Pierre  Merian,  Basle. 

1864.  M.  Jules  Desnoyers,  Paris. 

1866.  Dr.  Joseph  Leidy,  Philadelphia. 

1867.  Professor  A.  Daubree,  Paris. 

1870.  Professor  Oswald  Heer,  Zurich. 

1871.  Dr.  0.  Nilsson,  Lund. 
1871.  Dr.  Henri  Nyst,  Brussels. 

1871.  Dr.  Franz  Ritter  von  Hauer,  Vienna. 

1874.  Professor  Alphonse  Favre,  Geneva. 

1874.  Professor  B.  Gastaldi,  Turin. 

1874.  Professor  E.  Hubert,  Paris. 

1874.  Professor  Edouard  Desor,  Neuchdtel 

1874.  Professor  Albert  Gaudry,  Paris. 

1875.  Professor  Paul  Gervais,  Paris. 

1875.  Professor  Fridolin  Sandberger,  Wurzburg. 

1875.  Professor  Theodor  Kjerulf;  Christiania. 

1876.  Professor  F.  August  Quenstedt,  Tubingen. 
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LIST  OF 

THE  FOREIGN  CORRESPONDENTS 

OF  THE  GEOLOGICAL  SOCIETY  OF  LONDON,  m  1875. 

Drteof 


863.  Professor  E.  Beyrich,  Berlin 

,863.  Herr  Bergmeister  Credner,  Ootha. 

863.  Heir  Bergrath  Giimbel,  Munich. 

.863.  Dr.  G.  F.  Jager,  Stuttgart. 

863.  M.  Nikolai  yon  Kokscharow,  St.  Petersburg. 

863.  M.  S.  Loven,  Stockholm. 

863.  Count  A.  G.  Marschall,  Vienna. 

863.  Professor  G.  Meneghini,  Pisa. 

863.  Signor  Ponzi,  Borne. 

863.  Signor  Q.  Sella,  Turin. 

863.  Dr.  F.  Senft,  Eisenach. 

863.  Professor  E.  Suess,  Vienna. 

863.  Marquis  de  Vibraye,  Paris. 

864.  M.  J.  Bosquet,  Maastricht. 
.864.  Dr.  J.  Steenstrup,  Copenhagen. 
864.  Dr.  Charles  Martins,  MontpelUer. 
866.  Professor  J.  P.  Lesley,  Philadelphia. 
866.  Professor  Victor  Raulin,  Bordeaux. 

866.  Baron  Achille  de  Zigno,  Padua. 

867.  Professor  Bemhard  Cotta,  Freiburg. 

868.  Professor  J.  F.  Brandt,  St.  Petersburg. 

869.  Professor  A.  E.  Nordenskiold,  Stockholm. 

869.  Professor  F.  ffirkel,  Leipzig. 

870.  Professor  Joseph  Ssabo,  Pesth. 

870.  Professor  Otto  Torell,  Lund. 

871.  Professor  G.  Dewalque,  Liege. 

871.  M.  Henri  Coquand,  Marseilles. 

•871.  Professor  Giovanni  Capellini,  Bologna. 

872.  Herr  Dionys  Stur,  Vienna. 

872.  Professor  J.  D.  Whitney,  Cambridge,  U.  S. 

874.  Professor  Igino  Cocchi,  Florence. 

874.  M.  Gustave  H.  Cotteau,  Auxsrre. 

874.  Professor  W.  P.  Schimper,  Strasburg. 

874.  Professor  G.  Seguenia,  Messina. 

874.  Dr.  J.  s.  Newberry,  New  York. 
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1874.  Dr.  T.  C.  Winkler,  Haarlem. 

1875.  Dr.  F.  V.  Hayden,  Washington. 
1875.  Jules  Marcou,  Esq.,  Cambridge,  U.  8. 
1875.  Professor  Gustav  Tschermak,  Vienna. 


AWARDS  OF  THE  WOLLASTON  MEDAL 


UNDER   THE    CONDITIONS   OP   THE    "  DONATION    FUND " 


ESTABLISHED  BY 


WILLIAM  HYDE  WOLLASTON,  M.D.,  F.RS.,  F.G.8.,  Ac. 


1  To  promote  researches  concerning  the  mineral  structure  of  the  earth, 
and  to  enable  the  Council  of  the  Geological  Society  to  reward  those 
individuals  of  any  country  by  whom  such  researches  may  hereafter  be 
made," — "  such  individual  not  being  a  Member  of  the  CounciL" 


1831. 

1835. 
1836. 

1837. 

1838. 
1839. 
1840. 
1841. 
1842. 

1843. 

1844. 
1845. 
1846. 
1847. 
1848. 
1849. 
1850. 
1851. 
1852. 

1853. 
1854. 


Mr.  William  Smith. 
Dr.  G.  A.  Mantell. 
M.  L.  Agassiz. 
I  Capt.  T.  P.  Cautley. 
I  Dr.  H.  Falconer. 
Professor  R  Owen. 
Professor  C.  G.  Ehrenberg. 
Professor  A.  H.  Dumont. 
M.  Adolphe  T.  Brongniart. 
Baron  L.  von  Buch. 

)M.  E.  de  Beaumont. 
M.  P.  A.  Dufrenoy. 
The  Rev.  W.  D.  Conybeare. 
Professor  John  Phillips. 
Mr.  Wrilliam  Lonsdale. 
Dr.  Ami  Boue\ 
The  Rev.  Dr.  W.  Buckland. 
Professor  Joseph  Prestwich. 
Mr.  William  Hopkins. 
The  Rev.  Prof.  A.  Sedgwick. 
Dr.  W.  H.  Fitton. 
I M.  le  Vicomte  A.  d'Archiac. 
I M.  E.  de  Verneuil. 
Sir  Richard  Griffiths. 


1855.  Sir  H.  T.  De  la  Beche. 

1856.  Sir  W.  E.  Logan. 

1857.  M.  Joachim  Barrande. 
1858   \  ^err  Hermann  von  Meyer. 

( Mr.  James  Hall. 

1859.  Mr.  Charles  Darwin. 

1860.  Mr.  Searles  V.  Wood. 

1861.  Professor  Dr.  H.  G.  Bronn. 

1862.  Mr.  Robert  A.  C.  Godwin- 

Austen. 

1863.  Professor  Gustav  Bischof. 

1864.  Sir  R.  I.  Murchison. 

1865.  Mr.  Thomas  Davidson. 

1866.  Sir  Charles  Lyell. 

1867.  Mr.  G.  P.  Scrope. 

1868.  Professor  Carl  F.  Naumann. 
I860.  Mr.  H.C.  Sorby. 

1870.  Professor  G.  P.  Deshayes. 

1871.  Professor  A.  C.  Ramsay. 

1872.  Professor  J.  D.  Dana. 

1873.  Sir  P.  de  M.  G.  Egerton. 

1874.  Professor  Oswald  Heer. 

1875.  Professor  L.  G.  de  Koninck. 

1876.  Professor  T.  H.  Huxley. 
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AWARDS 


BALANCE  OF  THE  PROCEEDS  OF  THE  WOLLASTON 
«  DONATION-FUND." 


1831.  Mr.  William  Smith. 
1833.  Mr.  William  Lonsdale. 
1834  M.  Louis  Agassi z. 

1835.  Dr.  G.  A.  Mantell. 

1836.  Professor  G.  P.  Deshayes. 

1838.  Professor  Richard  Owen. 

1839.  Professor  C.  G.  Ehrenberg. 

1840.  Mr.  J.  De  Carle  Sowerby. 

1841.  Professor  Edward  Forbes. 

1842.  Professor  John  Morris. 

1843.  Professor  John  Morris. 

1844.  Mr.  William  Lonsdale. 

1845.  Mr.  Geddes  Bain. 

1846.  Mr.  William  Lonsdale. 

1847.  M.  Alcide  d'Orbigny. 

lftiift   i  Cape-of-Good-Hope  Fossils. 
1*4*'  |M.  Alcide  d'Orbigny. 

1849.  Mr.  William  Lonsdale. 

1850.  Professor  John  Morris. 

1851.  M.  Joachim  Barrande. 

1852.  Professor  John  Morris. 

1853.  Professor  L.  de  Koninck. 

1854.  Mr.  S.  P.  Woodward. 


1855.  Drs.  G.  and  F.  Sandbeiger. 

1856.  Professor  G.  P.  Deshayes. 

1857.  Mr.  S.  P.  Woodward. 

1858.  Mr.  James  Hall. 

1859.  Mr.  Charles  Peach. 

J  Professor  T.  Rupert  Jones. 

1860.  jMr#W.K.  Parker. 

1861.  Professor  A.  Daubree. 

1862.  Professor  Oswald  Heer. 

1863.  Professor  Ferdinand  Senft. 

1864.  Professor  G.  P.  Deshajea. 

1865.  Mr.  J.  W.  Salter. 

1866.  Mr.  Henry  Woodward. 

1867.  Mr.  W.  H.  Baily. 

1868.  M.  J.  Bosquet 

1869.  Mr.  W.  Carruthers. 

1870.  M.  Marie  Rouault 

1871.  Mr.  R.  Etheridge. 

1872.  Mr.  James  CroD. 

1873.  Mr.  J.  W.  Judd. 

1874.  Dr.  Henri  Nyst 

1875.  Mr.  L.  C.  Miall. 

1876.  Professor  Giuseppe  Segucnsa. 
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AWARDS  OF  THE  MURCHISON  MEDAL 

AND  OF  THB 

PROCEEDS  OF  "THE  MURCHISON  GEOLOGICAL  FUND," 

ESTABLISHED  UNDER  THE  WILL  OF  THE  LATE 
SIB  RODERICK  IMPEY  MURCHISON,  Babt.,  F.R.S.,  F.G.S., 

'*  To  be  applied  in  every  consecutive  year  in  such  manner  as  the  Council 
of  the  Society  may  deem  most  useful  in  advancing  geological  science, 
whether  by  granting  sums  of  money  to  travellers  in  pursuit  of  know- 
ledge, to  authors  of  memoirs,  or  to  persons  actually  employed  in  any 
inquiries  bearing  upon  the  science  of  geology,  or  in  rewarding  any 
such  travellers,  authors,  or  other  persons/'  and  the  Medal  to  be  given 
"  to  some  person  to  whom  such  Council  shall  grant  any  sum  of  money 
or  recompense  in  respect  of  geological  science." 

1873.  Mr.  William  Davies.    Medal. 

1873.  Professor  Oswald  Heer. 

1874.  Dr.  J.  J.  Bigsby.    Medal. 
1874.  Mr.  Alfred  BelL 

1874.  Mr.  Ralph  Tate. 

1875.  Mr.  W.  J.  Henwood.    Medal. 

1875.  Mr.  H.  G.  Seeley. 

1876.  Mr.  A.  R.  C.  Selwyn.    Medal. 
1876.    Mr.  James  Croll. 


AWARD  OF  THE  LYELL  MEDAL 

AND  OF  THE 

PROCEEDS  OF  THE  "  LYELL  GEOLOGICAL  FUND," 

ESTABLISHED   UNDER    THE   WILL  AND    CODICIL    OF    THE    LATE 
SIR  CHARLES  LYELL,  Babt.,  F.R.S.,  F.G.8. 

The  Medal  "  to  be  given  annually  "  (or  from  time  to  time)  "  as  a  mark  of 
honorary  distinction  as  an  expression  on  the  part  of  the  governing 
body  of  the  Society  that  the  Medallist  has  deserved  well  of  the 
Science," — "  not  lees  than  one  third  of  the  annual  interest  [of  the 
fund]  to  accompany  the  Medal,  the  remaining  interest  to  be  given  in 
one  or  more  portions  at  the  discretion  of  the  Council  for  the  encou- 
ragement of  Geology  or  of  any  of  the  allied  sciences  by  which  they 
shall  consider  Geology  to  have  been  most  materially  advanced." 

1876.     Professor  John  Morris.    Medal. 
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Estimates /or 

INCOME  EXPECTED. 

£    s.    d.      €    s.    a\ 
Due  for  Subscriptions  for  Quarterly  Journal  (con- 
sidered good) 1  19    0 

Due  for  Arrears  of  Annual  Contributions  and  Ad- 
mission-fees   236     4     6 

238     3    6 

Estimated  Ordinary  Income  for  1876. 
Annual  Contributions : — 

From  Resident  Fellows,  and    Non-residents 

of  1859  to  1861    1253    4    6 

Admission-fees  (supposed)      327  12    ° 

Compositions  (supposed)     357    0    0 

Dividends  on  Consols      187    5    0 

Sale  of  Transactions,  Proceedings,  Library-cata- 
logues, Ormerod's  Index,  and  Hochstetter'sNew 

Zealand 5     0    0 

•Sale  of  Quarterly  Journal 150    0    0 

fSale  of  Geological  Map     30    0    0 

185    0    0 

•Also  due  from  Longman  and  Co.  in  June    63    6    4 

fAlso  due  from  Stanford  in  June 19    2    4 

82     8    8 


£2630  13    8 


J.  OWYN  JEFFREYS,  Treas. 

Jan.  2b,  1876. 
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the  Year  1876. 


EXPENDITURE  ESTIMATED. 

£  t.  d.       £    s.    d. 
General  Expenditure : 

Taxes  and  Insurance 20  0  0 

Furniture   15  0  0 

House-repairs    20  0  0 

Fuel     50  0  0 

Light 40  0  0 

Miscellaneous  House-expenses     120  0  0 

Stationery 30  0  0 

Miscellaneous  Printing 135  0  0 

Tea  for  Meetings 25  0  0 

455     0    0 

Salaries  and  Wages : 

Assistant  Secretary  300    0    0 

Clerk  120    0    0 

Assistant  in  Library 80    0    0 

Assistant  in  Museum    100    0    0 

House  Steward 105    0    0 

Housemaid     40    0    0 

Occasional  Attendants 10    0    0 

Accountant    7    7    0 

762    7    0 

Library 120    0    O 

Museum    5    0    0 

Miscellaneous  Expenditure 80    0    0 

Diagrams  at  Meetings   5    0    0 

Publications :  Quarterly  Journal      1000    0    0 

„  Abstracts    100    0     0 

„  Geological  Map 50    0    0 

„  Ormerod's  Index    25    0    0 

1175     0     0 

Balance  in  favour  of  the  Society  28     6     8 


j£2630  13     8 
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Income  and  Expenditure  dmrimg  the 

RECEIPTS. 

£     #.     rf.      £     c    i 
Balance  at  Banker's  January  1,  1875  ....   640  11     6 

Balance  in  Clerk's  hands  January  1,  1875 . .     16     6     7 

656  18    1 

Compositions      404    5    0 

Arrears  of  Admission-fees     100  16     0 

Admission-fees,  1875    504     0     0 

604  16    0 

Arrears  of  Annual  Contributions 163  16    0 

Annual  Contributions  for  1875,  viz. : — 

Resident  Fellows      £1108  17    0 

N on-Resident  Fellows...        39     7    6 

1148     4     6 

Annual  Contributions  in  advance 36  14  0 

Journal  Subscriptions  in  advance 3     4  0 

Dividends  on  Consols    1 84     1  1 

DonationfromtbeWidowofthekteJ.Yates,Esq.,F.G.S.  200    0  0 

Removal  Account ". 93     4  9 

Publications : 

Sale  of  Journal,  Volt.  1-30     110  18  6 

Vol.31*     93    4  4 

Sale  of  Geological  Map    48    7  4 

Sale  of  Ormerod's  Index 2    5  0 

Sale  of  Hochstetter's  New  Zealand    1     0  0 

Sale  of  Library  Catalogues 1     8  0 

Sale  of  Transactions    «  2    9  6 

259  12    8 


We  have  compared  the  Books  and 
Accounts  presented  to  us  with  this 
statement,  and  we  find  them  to  agree. 


MM,        JL^jJ»WM».}**M.        Sain 

Jan.  28,  1876. 

*  Due  from  Messrs.  Longman,  in  addition  to  the  shore,  on  Journal,        £    «.  A 

Vol.31, Ac.    63    6    4 

Due  from  Stanford  on  account  of  Geological  Map 19    2    4 

£82    8    8 


Digitized  by  VjOOQ IC 


FINANCIAL  REPORT.  43 

y^or  ending  December  3Ut,  1875. 

EXPENDITURE. 

CBfreneral  Expenditure :  £$.*.£:    d. 

Taxes   6  18    5 

Fire-insurance   12    0    0 

Furniture    14  13     1 

House-repairs    19    5    9 

Fuel 45  17     0 

Light 33  14    6 

Miscellaneous  House-expenses 122    2  11 

Stationery 31     5    5 

Miscellaneous  Printing 49  12    0 

Tea  at  Meetings    22    2    0 

357   11      1 

Salaries  and  Wages : 

Assistant  Secretary  300    0    0 

Clerk 120    0    0 

Library  Assistant 75  16     8 

Museum  Assistant 100    0    0 

House  Steward 101     5    0 

Housemaid    40    0    0 

Occasional  Attendants 8  10    0 

Accountant    7    7    0 

752  18     8 

Museum • 1   11     9 

Library 116  18  10 

Miscellaneous  Expenses    85  19     7 

Diagrams  at  Meetings 1     6     6 

Removal  Account 436  11   10 

Investment  in  £214  155.  4d.t  Consols     200    0    0 

Publications : 

Geological  Map 54  14    8 

Journal,  Vols.  1-30 386  15    0 

„        Vol.31    1093    9    0 

Abstracts    94    8  10 

1629     7     6 

Balance  at  Banker's,  Dec.  31,  1875 156  12     1 

Balance  in  Clerk's  hands,  Dec.  31, 1875  ..      15  18     3 

172  10    4 


£3754  16     1 
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Award  op  thb  Wollaston  Medal. 

The  Eeports  of  the  Council  and  of  the  Library  and  Museum  Com- 
mittee having  been  read,  the  President,  John  Evaks,  Esq.,  F.R.S., 
presented  the  Wollaston  Gold  Medal  to  Professor  Huxley,  F.R.S., 
F.G.S.,  addressing  him  as  follows : — 

Professor  Huxley,— 

It  is  a  source  of  great  satisfaction  to  me  that  it  should  fall  to  my 
lot  to  place  in  your  hands  the  Wollaston  Medal,  which  has  been 
awarded  to  you  by  the  Council  of  this  Society  in  recognition  of  your 
distinguished  services  to  geological  science. 

Those  services  have  been  so  great  and  are  so  universally  acknow- 
ledged that  it  seems  hardly  necessary  to  dilate  upon  them.  For 
a  period  of  upwards  of  five-and-twenty  years  you  have  been 
engaged  in  biological  researches,  which  have  resulted  in  throwing  a 
flood  of  light  upon  the  structure,  affinities,  and  development  of  or- 
ganisms of  every  class,  from  those  so  simple  as  to  occupy  the  border 
territory  between  the  animal  and  vegetable  kingdoms,  up  to  the 
highest  forms  of  mammalian  life. 

Such  researches  cannot  but  have  had  a  great  and  beneficial  in- 
fluence on  geological  thought.  But  your  services  to  geology  and  to 
this  Society  are  of  a  far  higher  and  more  direct  character.  Not 
only  have  you  furnished  to  our  'Proceedings'  numerous  and  valuable 
palseontological  essays,  but  on  three  occasions,  either  as  President 
or  as  representing  the  President  of  this  Society,  you  have  delivered 
Anniversary  Addresses  which  are  models  of  the  philosophical  exposi- 
tion of  great  geological  principles,  such  as  I  sincerely  wish  it  had 
been  in  my  power  this  afternoon  to  imitate. 

In  addition  to  these  services  to  the  Society,  you  have,  it  may 
safely  be  affirmed,  done  more  by  your  lectures  than  almost  any  other 
man  to  advance  palfleontological  studies  among  those  who  are  under- 
going a  course  of  scientific  training,  while  to  more  popular  audiences 
you  have,  by  your  vivid  and  lucid  descriptions,  rendered  intelligible 
those  marvellous  natural  processes  by  which  such  beds  as  our  Lime- 
stones, Coal,  and  Chalk  have  gradually  been  built  up. 

As  formerly  one  of  your  Secretaries,  I  know  the  deep  interest  you 
take  in  all  geological  pursuits ;  and  I  therefore  venture  to  express  a 
hope,  in  which  all  in  this  room  will  share,  that  the  day  may  not  long 
be  distant  when,  with  renewed  health  and  strength,  and  a  greater 

vol*  xxxii.  d 
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amount  of  leisure  at  your  command,  jou  may  again  be  able  to  take 
a  frequent  part  in  the  meetings  of  this  Society,  of  whose  appreciation 
of  your  labours  this  medal  is  the  symbol. 

Professor  Huxley,  in  reply,  said: — 

Mr.  President, — 

I  am  so  much  more  accustomed  to  the  language  of  criticism  thin 
to  that  of  panegyric,  that  I  feel  a  certain  difficulty  in  framing  a 
reply  appropriate  to  the  address  with  which  you  have  just  honoured 
me. 

To  be  enrolled  among  the  eminent  men  who  hare  been  recipients 
of  the  Wollaaton  Medal  is  a  distinction  of  which  the  most  ambitious 
aspirant  to  scientific  honours  may  be  proud.  The  terms  of  personal 
kindness  in  which  you  have  clothed  the  award  of  the  Council,  and 
the  warmth  of  my  reception  by  the  meeting,  lead  me  to  hope  that  I 
may,  in  addition,  regard  the.  distinction  which  has  been  conferred 
upon  me  as  a  mark  of  the  goodwill  of  the  colleagues  with  whom  in 
past  years  I  have  been  so  closely  associated. 

It  is  my  hope  and  expectation,  Mr.  President,  that  the  wish  which 
you  have  so  kindly  expressed  as  to  the  resumption  of  my  palaeonto- 
logioal  work,  will  be  fulfilled. 

The  great  biological  question  of  the  day  is  the  problem  of  evolu- 
tion ;  but  geologists,  as  Kant  sayB,  are  the  archaeologists  of  nature, 
and  the  sole  direct  and  irrefragable  evidence  of  the  method  whereby 
living  things  have  become  what  they  are,  is  to  be  sought  among  fossil 
remains.  If  I  have  in  any  degree  merited  the  unexpected  honour 
you  have  conferred  upon  me,  it  is  because  I  have  steadily  kept  this 
truth  in  view ;  and  if  I  shall  ever  succeed  in  deserving  the  WoUas- 
ton  Medal  better  than  at  present,  it  will  be  by  further  attempts  to 
translate  the  archaeological  facts  of  nature  into  history. 


Award  of  the  Wollaston  Dokation-fuitd. 

The  President  then  presented  the  Balance  of  the  proceeds  of  ths 
Wollaston  Donation-fund  to  Mr.  J.  Gwro  Jeffreys,  for  transmission 
to  Professor  Giuseppe  Sbgubxza,  of  Messina,  F.C.G.S.,  and  addressed 
him  in  tho  following  terms:-— 
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Mr.  GwYN   JEFFREYS,-— 

In  placing  in  your  hands  the  Balance  of  the  proceeds  of  the  Wol- 
laston  Fond  for  transmission  to  our  foreign  correspondent,  Professor 
Seguenza,  of  Messina,  may  I  request  you  to  convey  to  him  at  the 
same  time  our  high  sense  of  the  value  of  his  investigations  upon  the 
Tertiary  heds  of  Italy  and  Sicily,  on  which  he  has  already  puhlished 
such  numerous  and  important  memoirs. 

Will  you,  in  addition,  express  a  hope  that  this  mark  of  our  appre- 
ciation may  also  prove  of  some  assistance  to  him  in  the  further  pro- 
secution of  his  researches. 

Mr.  Gwyk  Jeffreys,  in  expressing  the  thanks  of  his  friend  Prof. 
Seguenza,  said  that  this  testimonial  would  not  only  he  highly 
valued,  hut  he  especially  acceptable,  because  the  stipend  of  an 
Italian  Professor  was  too  small  to  enable  him  to  prosecute  his  palaeon- 
tologies! researches  as  fully  as  he  could  desire. 


Award  of  the  Mvrchisoh  Medal  ahd  Geological  Fukd. 

The  President  next  handed  the  Murchison  Medal  to  Professor 
Ramsay  for  transmission  to  Mr.  A.  R.  C.  Bblwyk,  F.R.S.,  F.G.S.,  and 
vpoke  as  follows : — 

Professor  Ramsay,— 

I  place  in  your  hands  the  Murchison  Medal  and  the  portion  of  the 
Murchison  Fund  which  have  been  awarded  to  Mr.  Alfred  R.  C. 
Selwyn,  F.RJ3.,  in  recognition  of  his  services  to  Silurian  geology ; 
for  no  one  can  appreciate  better  than  yourself  the  character  and 
importance  of  his  work,  or  can  better  convey  to  him  the  assurance 
of  the  high  estimation  in  which  it  is  held. 

As  one  of  the  officers  of  the  Geological  Survey  of  this  country, 
engaged  in  unravelling  the  intricate  Lower  Silurian  Rocks  of  North 
"Wales  with  their  associated  volcanic  deposits — as  afterwards  in 
charge  of  the  Geological  Survey  of  Victoria,  mapping  its  Silurian 
strata,  its  gold-bearing  rocks  and  auriferous  gravels  of  different 
ages,  and  tracing  the  relations  of  the  latter  to  the  Miocene  beds  of 
the  colony,  and  to  the  older  rocks — as  subsequently  the  successor  of 
Sir  William  Logan  in  the  direction  of  the  Geological  Survey  in  our 
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North- Asseriessi  territories  from  the  Atlantic  to  tfe 
the  labours  of  Mr.  8erwyn  bare  extended  over  an  < 

How  sneceaarnDy  be  ha*  worked  im  it,  the  : 
lest  —pi  and  acctioaa  executed  under  hie  i 
various  reports  and  papers  tally  testify. 

There  it  ■omething  peculiarly  appropriate  in  the  Medal  \ 
by  Sir  Bodexick  Murehieon  being  given  to  one  whose  labours,  fikt  sis 
ova,  bare  lam  ao  mack  among  SQnriaa  aad  other  Pakeoaok  radb. 
among  goli^ielos,  and  m  the  direct^  WhSe 

it  marks  oar  appietiation  of  Mr.  Selwyn'a  eervices  to  Gealorr. 
it  win,  I  treat,  not  be  the  leas  welcome  to  him  at  a  proof  that  though 
be  k  not  forgotten  bj  bis  fellow  workers. 

•  Bombay,  ia  reply,  apoke  as  follows : — 
Mr. 


On  behalf  of  Mr.  Selwyn,  I  return  thanks  for  the  honour  that  hat 
been  conferred  on  him.  When  Mr.  Behryn  joined  the  Geological 
Surrey  of  Great  Britain  many  years  ago,  I  may  almost  say  that  be 
received  his  first  lessons  in  the  ail  of  Geological  Surveying  from  me ; 
but  be  rery  soon  proved  himself  ao  proficient  in  the  work,  that  a 
large  part  of  the  surrey  of  the  intricate  Lower  Silurian  rocks  of 
North  Wales  was  executed  by  him  in  a  masterly  manner. 

When  the  Geological  Survey  of  the  Colony  of  Victoria  was  esta- 
blished by  the  Colonial  Government,  Mr.  Selwyn  was  selected  to 
begin  and  conduct  that  work ;  and  there  also,  with  the  help  of  Mr. 
Daintree,  the  Browns,  and  others,  it  was  his  lot  again  to  be  engaged 
on  a  great  scale  in  unravelling  the  intricacies  of  Silurian  geology. 
After  that  Survey  waa  abolished,  no  one  was  considered  so  fit  as 
he  to  succeed  the  late  Sir  Win.  Logan  as  Director  of  the  Geological 
Survey  of  our  North- American  dominions ;  and  there  is  therefore  an 
appropriateness  in  the  award  of  the  Murchison  Medal  to  one  who  has 
done  so  much  excellent  work  among  Silurian  rocks  in  three  regions 
of  the  world. 

In  presenting  the  Balance  of  the  Murchison  Geological  Fund  to 
Professor  Baxsat  for  transmission  to  Mr.  Jamzs  Cboll,  the  Pjucsii>sjt 
said; — 

Professor  Bunar,— 

Will  you  convey  to  Mr.  CroH  the  Balance  of  the  proceeds  of  tho 
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Murchison  Fund,  and  at  the  same  time  express  the  hope  of  the 
Council  of  this  Society  that  it  may  prove  of  service  to  him  in  the 
prosecution  of  those  studies  with  which  his  name  has  been  so  long 
and  so  honourably  associated. 

His  researches  on  Ocean  Currents,  on  Glacial  Phenomena,  on  the 
bearing  of  the  latter  on  Geological  time,  and  of  both  upon  Climate, 
were  generally  known  and  appreciated,  even  before  the  appearance 
last  year  of  his  work  on  Climate  and  Time,  in  which  the  results  of 
his  studies  are  so  carefully  and  ably  expounded. 

The  author  of  that  book  would  be  the  last  to  regard  the  subjects 
of  which  it  treats  as  being  all  now  definitely  settled,  and  requiring 
no  further  investigation ;  and  it  is  in  the  hope  that  his  inquiries  into 
the  phenomena  of  glaciation,  and  into  the  physical  causes  conducing 
to  extreme  modifications  of  climate  may  be  still  further  prosecuted, 
as  well  as  in  recognition  of  the  valuable  past  labours  of  Mr.  Croll, 
that  the  Fund  which  I  place  in  your  charge  has  been  awarded 
to  him. 

Professor  Ramsay,  in  reply,  said : — 

Mr.  President, — 

In  returning  thanks  on  behalf  of  Mr.  Croll,  I  have  no  need  to 
enlarge  on  the  merits  of  a  man  so  well  known  to  geologists  by  his 
numerous  memoirs,  and  now  especially  by  his  remarkable  work, 
'  Climate  and  Time;'  and  though  on  a  range  of  subjects  so  wide 
it  is  not  to  be  expected  that  there  should  be  no  opponents. to  some 
of  his  views,  there  can  yet  be  no  doubt  that  the  ability  which  he  has 
displayed  commands  the  universal  respect  of  men  of  science  and  the 
adherence  of  not  a  few. 


Award  op  the  Lyell  Medal  and  Fund. 

The  President  then  handed  to  Professor  Morris,  F.G.S.,  the  first 
Lyell  Medal  and  the  entire  Proceeds  of  the  Fund,  and  addressed  him 
in  the  following  terms : — 

Professor  Morris, — 

This  is,  as  you  know,  the  first  occasion  on  which  the  Award  of  the 
Medal  and  the  Proceeds  of  the  Fund  so  liberally  bequeathed  to  the 
Society  by  our  illustrious  Fellow,  Sir  Charles  Lyell,  has  been  under 
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indefatigable  activity  of  Lyell,  and  his  oonstant  accumulation  and 
assimilation  of  new  facts,  that  led  to  the  general  aooeptanoe  of  the 
principles  advooated  by  Hutton.  Henoe,  whilst  I  cannot  bnt  feel 
strongly  impressed  by  the  kind  appreciation  of  the  Council  in  this 
award  as  a  recognition  of  my  sinoerebut  imperfect  attempts  to  assist 
the  progress  of  geological  scienoe,  the  gratification  I  experience  at 
this  unexpected  honour  is  greatly  enhanced  by  the  consequent  asso- 
ciation of  my  name  with  that  of  Lyell. 


THE  ANNIVEBSABY  ADDRESS  OF  THE  PRESIDENT, 
Johk  Evans,  Esq.,  F.R.S. 

In  accordance  with  the  custom  of  this  Society,  my  first  duty  on 
the  present  occasion  is  to  place  before  you  some  account  of  those 
whom  the  busy  hand  of  death  has  removed  from  among  our  ranks 
during  the  year  which  has  elapsed  since  our  last  anniversary. 
Perhaps  on  no  former  occasion  have  we  had  to  mourn  over  losses 
more  numerous  and,  indeed,  in  many  cases,  so  irreparable. 

The  great  master  of  our  science,  who,  from  the  well-merited  honours 
bestowed  upon  him  by  the  Crown  in  recognition  of  his  scientific 
services,  has  so  long  been  known  among  us  as  Sir  Chablbs  Lull, 
died  on  February  22nd,  1875.  When,  at  our  last  anniversary 
meeting,  I  had  the  honour  of  addressing  you,  and  while  tracing 
the  early  history  of  our  Society  had  occasion  to  refer  to  the  ser- 
vices rendered  to  it  during  a  period  of  upwards  of  50  years  by  Sir 
Charles  Lyell,  little  did  I  think  that  within  three  days'  time  we 
should  have  to  deplore  his  loss,  and  that  my  first  melancholy  duty 
at  the  next  anniversary  would  be  to  attempt  some  sketch  of  his 
most  distinguished  and  meritorious  career,  and  also  to  record  our 
loss  of  his  fellow  Secretary  of  now  upwards  of  fifty  years  ago, 
Mr.  GK  Poulett  Scrope. 

Charles  Lyell  was  born  on  November  14th,  1797,  at  Kinnordy, 
the  family  estate  in  Forfarshire.  His  father,  of  the  same  name,  was 
a  man  of  both  literary  and  scientific  tastes,  and  of  some  distinction  as 
a  botanist — a  remarkable  genus  of  mosses,  the  species  of  which  are 
principally  found  in  the  Himalayas,  having  received  from  Mr.  Robert 
Brown  the  name  of  Lydlia  in  his  honour.  He  was  also  well  known 
as  an  Italian  scholar,  and  published  in  1835,  and  subsequently  in 
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1842,  some  translations  from  Dante,  mdnding  the  poena  of  the 
YitaNuova  and  theConvito,  with,  various  djasei tatjons  upon  them. 
In  1845  he  also  published  a  translation  of  the  lyrical  poena  of 
Dante.    His  death  took  plaee  in  1849. 

Mrs.  Lyell  was  the  daughter  of  Thomas  Smith,  Ean^,  of  Maker 
Hall,  Swaledale,  Yorkshire.    She  died  in  1850. 

Their  eldest  son  diaries,  after  receiving  the  rudiments  of  his 
education  at  two  smaller  schools,  was  sent  to  the  school  at  Mid- 
hurst,  under  the  head-mastership  of  Br.  Bayley.  Even  at  the  age 
of  ten  he  had  already  exhibited  a  strong  taste  for  natural  history, 
especially  for  entomology,  on  which  subject  he  found  some  books 
in  his  father's  library.  Not  long  after  his  son's  birth,  Mr.  Lrell 
had  removed  to  Bartley  Lodge,  near  Lyndhurst,  in  the  New  Forest ; 
and  many  were  the  hours  spent  by  the  young  naturalist  in  watch- 
ing the  habits  of  insects  and  in  farming  a  collection  of  them  in  so 
favourable  a  field.  His  interest  in  entomology  continued  through- 
out his  school  days,  and  indeed  through  all  his  life,  remaining 
vivid  even  after  his  health  had  begun  to  fafl.  He  had  also  already 
paid  some  attention  to  the  study  of  geology,  when,  at  the  age  of  17, 
he  matriculated  at  Exeter  College,  Oxford.  While  at  the  University 
he  appears  to  have  taken  the  warmest  interest  in  the  lectures  of 
Dr.  BuckJand,  which  no  doubt  exercised  a  strong  influence  over  his 
future  career.  In  1818  he  made  a  tour  in  France  and  Switzerland, 
in  company  with  other  members  of  his  family,  and  thus  commenced 
that  long  course  of  travel  which  is  almost  a  necessity  for  those 
who  wish  fully  to  comprehend  the  grander  features  of  geology 
and  physical  geography. 

In  the  year  1819  he  took  the  degree  of  B.A.,  obtaining  a  second 
class  in  classical  honours — and  that  of  MJL  in  1821 ;  but  in  the 
former  year,  on  February  19, 1819,  he  was  proposed  as  an  ordinary 
member  of  this  Society.  In  his  certificate,  dated  Feb.  16,  be  was 
described  as  of  Exeter  College,  Oxford.  It  bears  the  well-known 
names  of  Wm.  Buckland,  W.  D.  Conybeare,  and  Wm.  Edward 
Hony. 

He  was  elected  on  March  19,  1819.  On  leaving  Oxford,  in 
that  same  year,  he  entered  Lincoln's  Inn,  and  commenced  studying 
for  the  Bar.  Owing,  however,  to  the  weakness  of  his  eyes,  he  was 
recommended  to  desist  for  a  time ;  and  in  1820  he  again  travelled 
on  the  continent,  in  company  with  his  father,  on  this  occasion  as 
far  as  Borne. 

In  December  1822  Mr.  Lyell  communicated  to  the  Geological 
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Society  his  first  paper,  "  A  description  of  the  sections  presented 
by  the  banks  of  the  rivers  Isla,  Melgum,  Proson,  and  South  Eskt 
in  Forfarshire,  with  some  remarks  on  the  geology  of  that  county, 
accompanied  by  specimens."  This  paper  was  not  read  until  June 
6,  1823,  and  does  not  appear  to  have  been  published,  it  having 
probably  been  withdrawn.  In  the  meantime  a  joint  paper  by 
Gideon  Mantell,  Esq.,  and  Charles  Lyell,  Esq.,  "  On  the  beds  of 
Limestone  and  Clay  of  the  Iron-sand  of  Sussex,"  had  been  read  on 
January  17, 1823.  The  action  of  the  Society  was  in  those  days 
slower  than  at  present ;  and  it  was  not  until  March  1825  that  the 
paper  was  ordered  to  be  printed,  in  the  2nd  series  of  the  Trans- 
actions, vol.  ii.  p.  131. 

On  February  7, 1823,  he  was  elected  one  of  the  Secretaries  of 
the  Society,  in  conjunction  with  Dr.  Fitton  and  Mr.  Webster,  and 
retained  the  office  until  1826,  when  he  retired,  after  drawing  up 
the  Annual  Beport,  but  remained  a  member  of  the  Council  until 
1827. 

It  was  during  this  period  of  his  Secretaryship  that  our  Society 
was  incorporated  by  Boyal  Charter. 

About  the  year  1823  Mr.  Lyell  made  more  than  one  visit  to 
Paris,  where  he  formed  the  acquaintance  of  Baron  Humboldt, 
Cuvier,  Alexander  Brongniart,  Constant  Prevost,  and  other  distin- 
guished men  of  science,  whose  friendship  he  retained  in  after  life. 

In  1824  he  made  another  geological  tour  in  Scotland,  in  the 
company  of  Dr.  Buckland ;  and  in  December  of  that  year  he  com- 
municated to  the  Society  another  memoir,  "  On  a  recent  formation 
of  Bock-marl,  or  Freshwater  Limestone,  in  the  County  of  Forfar." 
This  was  followed  by  one  in  April  1825,  "  On  Gyrogonites ;"  and 
in  June  he  added  some  remarks  on  "  Quadrupeds  imbedded  in  recent 
alluvial  strata,"  the  main  portions  of  which  are  incorporated  with 
that  on  the  Freshwater  Limestone  in  the  papers  as  printed  in 
vol.  ii.  N.  S.  of  the  Transactions,  p.  73  et  seqq. 

In  May  1825  he  contributed  another  paper,  on  a  Dyke  of  Ser- 
pentine cutting  through  sandstone  in  the  county  of  Forfar.  This 
he  withdrew,  and  published  in  the  Edinburgh  Journal  of  Science, 
vol.  iii.  p.  112. 

In  March  1826  we  find  some  of  the  results  of  his  residence  in 
the  New  Forest,  in  his  paper,  "  On  the  strata  of  the  Plastic  Clay 
Formation  exhibited  in  the  cliffs  between  Christchurch  Head, 
Hampshire,  and  Studland  Bay,  Dorsetshire."  In  June  this  was 
followed  by  a  memoir,  "  On  the  freshwater  strata  of  Hordwell 
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Beacon  and  Barton  Cliffs,  Hants."  Both  of  these  are  panted  in 
the  second  volume  of  our  Transactions,  2nd  series. 

In  1825  he  was  called  to  the  Bar,  and  for  two  jean  be  west 
the  Western  Circuit ;  but  though  few  minds  were  mote  capable  of 
sustained  attention  and  the  accurate  grouping  of  facts  and  weigh- 
ing of  evidence,  the  pursuit  of  the  law  gave  waj  to  his  devotion  to 
science,  and  in  1827  he  relinquished  his  legal  career. 

As  will  hare  been  seen,  he  had  for  some  jean  taken  an  attire 
part  in  the  affairs  of  our  Society;  and  in  1827  I  find  it  recorded 
in  our  Minutes  that  he  seconded  the  proposal  of  Mr.  HerscbeL, 
that  the  office  of  President  or  Vice-President  should  not  be  held 
for  a  longer  period  than  two  years — a  practice  which,  previously  to 
the  granting  of  the  Charter,  had  always  prevailed  in  the  Society, 
and  which  has  since  continued,  with  what  are,  I  think,  almost 
universally  regarded  as  beneficial  results. 

In  1819  he  became  a  Fellow  of  the  Linnean  Society. 

In  February  1826  he  became  a  Fellow  of  the  Royal  Society,  to 
the  Philosophical  Transactions  of  which  he  subsequently  contri- 
buted more  than  one  paper,  and  from  which  in  later  yean  he  re- 
ceived both  the  Copley  and  Boyal  Medals  in  recognition  of  his 
distinguished  services  to  science. 

In  June  1827  a  paper  by  Mr.  Lyell  was  read  at  a  meeting  of 
this  Society,  "  On  some  fossil  bones  of  the  Elephant  and  other 
animals  found  near  Salisbury."  This  memoir  is  of  great  interest, 
as  recording  the  phenomena  observed  in  the  brick-earth  and  gra- 
vels at  Fisherton  Anger,  a  locality  since  that  time  again  *  brought 
into  notice  through  the  discovery  of  palaeolithic  implements  in  the 
same  beds  in  which  these  bones  of  extinct  animals  were  found. 
The  author,  with  characteristic  sagacity,  remarked  that  in  the 
brick-earth,  which  is  a  tranquil  sedimentary  deposit,  there  are  no 
marine  remains,  but  land-shells  are  said  sometimes  to  occur,  and 
that  the  brick-earth  is  not  connected  with  the  alluvial  soil  of  the 
present  valley,  but  appears  to  have  been  deposited  when  the  valley 
was  at  a  higher  level,  for  it  forms  a  low  terrace  along  the  side  of 
the  river  Wiley,  between  Salisbury  and  Wilton,  rising  30  or  40 
feet  above  the  present  water-meadows.  It  is  true  that  tins  is 
qualified  by  a  remark  that  "  it  is  necessary  at  least  to  suppose  that 
when  these  beds  were  accumulated  the  water  rose  much  higher 
than  it  now  does ;"  but  that  Mr.  Lyell  had  even  at  that  time  muck 
the  same  views  as  those  now  generally  held  as  to  the  erosive  power 
*  See  Q.  J.  G.  S.  1804,  p.  188. 
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of  rivers,  is  evident  from  a  paper  communicated  by  him  to  the 
Society  in  December  1828,  jointly  with  Sir  Boderick  (then  Mr.) 
Murchison,  "  On  the  Excavation  of  Valleys,  as  illustrated  by  the 
Volcanic  Bocks  of  Central  France."  In  this  paper  they  cite  a 
valley  40  feet  in  depth,  excavated  in  alluvial  clay  and  sand,  and  partly 
in  subjacent  gneiss,  by  the  waters  of  the  Sioule,  after  the  stream 
bad  been  diverted  from  its  course  by  the  lava  of  Come — and  another 
instance  where  the  Sioule  has  cut  through  more  than  100  feet  of 
compact  basalt,  and  also  into  the  gneiss  beneath,  to  a  depth  of  at 
least  50  feet— and  various  other  cases.  They  conclude  that  the  ele- 
phant, rhinoceros,  hippopotamus,  hyena,  and  other  animals  whose 
bones  had  then  been  recently  disinterred  from  the  sands  and  gravels, 
belonged  to  a  period  "  before  the  most  recent  cones  and  lavas  of  the 
Auvergne  had  appeared,  or  the  valleys  had  been  excavated  to  their 
present  depth." 

The  visit  paid  by  Lyell  and  Murchison  to  the  South  of  France  in 
the  summer  of  1828  resulted  in  two  other  joint  papers  being  com- 
municated to  this  Society :— one  in  April  1829,  "  On  the  Tertiary 
Deposits  of  the  Cantal  and  their  relation  to  the  Primary  and  Vol- 
canic Bocks  "  •;  the  other  in  the  following  June,  "  On  the  Tertiary 
Freshwater  Formations  of  Aix  en  Provence,  including  the  Coal- 
field of  Fuveau"t.  It  may  be  mentioned  that  in  1828  Mr.  Lyell 
became  a  Vice-President  of  this  Society,  and  in  1829  Foreign 
Secretary,  an  office  which  he  held  until  1835,  when  he  became 
President. 

From  1829  to  1833  he  does  not  appear  to  have  communicated 
any  papers  to  the  Society,  his  labours  being  concentrated  on  that 
great  work  on  which,  above  all  others,  the  fame  of  Lyell  will  rest, 
his  *  Principles  of  Geology/ 

Upon  this  work  he  had  already  been  engaged  for  several  years, 
as  the  original  MS.  was  in  the  hands  of  the  publisher  towards  the 
close  of  1827,  when  it  was  proposed  that  it  should  appear  in  the 
course  of  the  year  following  in  two  volumes  octavo. .  It  was  while 
preparing  the  preliminary  chapters  on  the  History  of  Geology  that 
he  was  seized  with  the  desire  of  visiting  several  parts  of  the  con- 
tinent, in  order  more  especially  to  acquire  further  information  con- 
cerning the  Tertiary  formations.  He  was  also  anxious  to  verify 
the  observations  and  views  of  his  friend  Mr.  Poulett  Scrope  as 
detailed  and  exhibited  in  his  *  Geology  of  Central  France,'  then 
recently  published,  and  which  had  been  reviewed  by  Mr.  Lyell  in 
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the  Quarterly  Beview  for  May  1827.  Accordingly  in  May  1828  &e 
tour  in  company  with  Murchison  was  undertaken,  of  which  m— *i«i 
has  already  been  made.  They  Tinted  the  Auvergne,  Velay,  Ckntal, 
the  Vivaraifl,  and  afterwards  the  environs  of  Aix  en  Provence,  and 
then  passed  by  the  Maritime  Alps  to  Savon*,  and  thence  acrosi 
Piedmont.  At  Turin  they  found  Signer  BoneOi  engaged  in  the 
arrangement  of  a  large  collection  of  Tertiary  shells,  principally  from 
Italy;  and  here  it  ftwould  appear  that  Lyell  first  attempted  the 
practical  application  of  the  idea  he  had  already  conceiTed  of  Hawing 
the  different  Tertiary  groups  by  reference  to  the  proportional 
number  of  recent  species  found  fossil  in  each.  After  exploring 
some  portions  of  the  Vicentin,  the  travellers  parted,  and  Lyell 
proceeded  southwards,  studying  at  Parma  the  fine  collection  of 
Tertiary  fossil  shells  formed  by  Signor  Guidotti,  and  visiting  Flo- 
rence, Sienna,  and  Borne.  At  Naples  he  formed  the  acquaintance 
of  Signor  0.  G.  Costa,  who  had  studied  the  fossil  shells  of  Otranto 
and  Calabria,  and  had  instituted  some  comparisons  between  then 
and  the  recent  testacea  of  the  Galabrian  coast.  In  October  1828 
Mr.  Lyell  examined  Ischia,  where  he  was  surprised  to  find  that  of 
about  30  species  of  shells,  some  of  them  from  beds  2000  feet  above 
the  sea,  the  whole,  with  but  two  or  three  exceptions,  were  of  species 
now  living  in  the  Mediterranean. 

From  Naples  he  crossed  into  Sicily,  where  he  spent  about  two 
months,  and  returned  to  Paris  in  February  1829.  He  there  found 
M.  Desnoyers  just  publishing  his  memoir  on  the  Tertiary  Forma- 
tions more  recent  than  the  Paris  basin,  and  communicated  to  him 
his  views  as  to  the  means  of  arranging  the  Tertiary  formations 
chronologically,  M.  Desnoyers  being  already  convinced  of  there 
being  a  succession  of  Tertiary  formations  of  different  ages. 

M.  Deshayes  had  also  arrived  at  the  conclusion  that  the  fossil 
shells  of  the  Tertiary  period  might  be  arranged  under  three  groups ; 
and  the  views  of  the  French  conchologist  and  the  English  geolo- 
gist proved  to.be  so  much  in  accordance,  that  the  former  promised 
the  latter  his  co-operation  in  the  great  work  which  he  had  in  hand, 
though  Mr.  Lyell  was  in  favour  of  adopting  four  divisions  instead 
of  three. 

In  March  1829  he  returned  to  London ;  but  the  printing  of  his 
book  was  a  second  time  suspended  while  he  again  took  the  field  in 
order  to  examine  the  Crag  deposits  of  Essex,  Suffolk,  and  Norfolk. 

At  length,  in  January  1830,  the  first  volume  of  the  '  Principles 
of  Geology '  made  its  appearance. 
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It  is  difficult  to  overrate  the  beneficial  influence  which  this 
attempt  to  explain  the  former  changes  of  the  earth's  surface  by 
reference  to  causes  now  in  operation  has  had  on  the  progress  of 
Geology.  How  many  of  us  might  re-echo  the  words  of  Professor 
Sedgwick  spoken  at  the  anniversary  meeting  of  this  Society  in  the 
year  following  the  publication  of  the  first  volume  of  the  '  Prin- 
ciples.' "  Were  I  to  tell  the  author  of  the  instruction  I  received 
from  every  chapter  of  his  work,  and  of  the  delight  with  which  I 
rose  from  the  perusal  of  the  whole,  I  might  seem  to  flatter  rather 
than  to  speak  the  language  of  sober  criticism,  but  I  should  only 
give  utterance  to  my  honest  sentiments."  In  a  subsequent  pas- 
sage Sedgwick  suggests  that  in  some  portions  of  the  work,  as 
it  at  first  appeared,  the  author  might  seem  to  forget  the  character 
of  the  historian  in  the  language  of  the  advocate.  This  may 
perhaps  be  regarded  as  another  way  of  saying  that,  at  the  time, 
Sedgwick's  own  views  and  those  of  Lyell  did  not  correspond.  But 
even  assuming  that  the  assertion  had  some  foundation  in  fact ; 
which  of  us  can  say  that,  amidst  the  conflict  of  opinions,  he  can 
always  hold  the  scales  of  even-handed  justice,  and  never  exalt  one 
phase  of  truth  somewhat  at  the  expense  of  another,  or  that  he  can 
always  take  in  at  one  glance  the  whole  of  the  varied  aspects  of 
some  single  truth  ?  In  combating  errors  such  as  those  with  which 
Lyell  had  to  contend,  it  was  indeed  impossible  but  that  certain 
facts  bearing  directly  upon  points  at  issue  should  be  insisted  upon 
more  strongly  than  those  which  were  less  important  in  the  parti- 
cular case,  or  even  totally  irrelevant.  When  arguments  are  other- 
wise unanswerable  it  is  easy  to  meet  them  with  a  charge  of  par- 
tiality. Still,  whatever  may  be  thought  upon  this  point,  as  a  store- 
house of  facts,  a  mine  of  information,  a  model  of  logical  argument, 
this  portion  of  the  '  Principles  of  Geology,'  whichever  may  be  the 
edition  consulted,  will  ever  stand  almost  unrivalled. 

In  the  summer  of  1830  Mr.  Lyell,  still  intent  upon  his  book, 
set  out  on  a  geological  expedition  to  the  South  of  Prance,  the 
Pyrenees,  and  Catalonia,  returning  to  Paris  in  September.  In 
the  following  summer  he  made  an  excursion  to  the  volcanic  dis- 
trict of  the  Eifel ;  and  on  his  return  he  determined  to  extend  his 
work  to  three  volumes.  It  was  not  until  January  1832  that  the 
second  volume  of  the  '  Principles '  was  published,  when  it  was  re- 
ceived with  as  much  favour  as  the  first  had  been.  It  related  more 
especially  to  the  changes  in  the  organic  world,  while  the  former 
volume  had  treated  mainly  of  the  inorganic  forces  of  nature. 
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Singularly  enough,  name  of  the  points  which  were  seised  on  by  to 
great  fellow-labourer  Murchison  in  bis  Presidential  Address  to  this 
Society  in  1832,  as  subjects  for  felicitation,  are  precisely  those 
which  the  candid  mind  of  Lyefl,  erer  ready  to  attach  the  foil  value 
to  discoveries  or  arguments  from  time  to  time  brought  forward, 
even  when  in  opposition  to  his  own  views,  ultimately  found  reason 
to  modify.  We  can  never,  I  think,  more  highly  appreciate  Sir 
Charles  Lyell's  freshness  of  mind,  his  candour  and  love  of  truth, 
than  when  we  contrast  certain  portions  of  the  first  edition  of 
the  *  Principles'  with  those  which  occupy  the  same*  place  in  the 
last,  and  trace  the  manner  in  which  his  judicial  intellect  was 
eventually  led  to  conclusions  diametrically  opposed  to  those  which 
he  originally  held.  To  those  acquainted  only  with  the  later  edi- 
tions of  the  *  Principles'  and  with  his  *  Antiquity  of  Man '  it  may 
sound  almost  ironical  in  Murchison  to  have  written  "I  cannot 
avoid  noticing  the  clear  and  impartial  manner  in  which  the  unte- 
nable parts  of  the  dogmas  concerning  the  alteration  and  transmu- 
tation of  species  and  genera  are  refuted,  and  how  satisfactorily 
the  author  confirms  the  great  truth  of  the  recent  appearance  of 
man  upon  our  planet."  It  must,  however,  be  remembered  that  it 
was  with  the  theories  of  Lamarck,  and  not  of  Darwin,  that  the 
author  of  the  'Principles'  had  to  contend ;  and,  further,  that  in  his 
later  years  no  one  was  more  ready  to  give  Lamarck  credit  where 
credit  was  due,  and  especially  with  regard  to  his  appreciation  of 
Geological  time. 

Mr.  LyeQ  had,  in  1831,  been  appointed  Professor  of  Geology  in 
King's  College,  London,  where,  in  1832,  he  gave  a  course  of  lec- 
tures illustrative  of  the  views  explained  in  the  concluding  (and  as 
yet  unpublished)  volume  of  his  work. 

In  the  summer  of  1832  he  made  a  tour  up  the  valley  of  the 
Ehine,  where  he  examined  the  loess,  and  visited  the  Yalorsine  on 
his  way  home  through  Switzerland,  being  still  intent  on  the  more 
recent  geological  formations. 

At  length,  in  May  1833,  after  the  first  and  second  volumes  had 
scond  edition,  the  third  and  last  volume  of  the 
logy'  was  published,  which  was  appropriately 
>w-traveller  Murchison. 
need  say  but  little  beyond  reminding  you  that 
f iocene,  and  Pliocene,  now 
iar  in  our  mouths  as  household  words," 
roduced  into  the  English  language.    By  the 
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work,  as  a  whole,  was  dealt  the  most  telling  blow  that  had  ever 
fallen  on  those  to  whom  it  appeared  "  more  philosophical  to  specu- 
late on  the  possibilities  of  the  past  than  patiently  to  explore  the 
realities  of  the  present,"  while  the  earnest  and  careful  endeavour  to 
reconcile  the  former  indications  of  change  with  the  evidence  of 
gradual  mutations  now  in  progress,  or  which  may  be  in  progress, 
received  its  greatest  encouragement.  The  doctrines  which  Hutton 
and  Playfair  had  held  and  taught  assumed  new  and  more  vigorous 
life  when  their  principles  were  explained  by  their  eminent  suc- 
cessor, and  were  supported  by  arguments  which,  as  a  whole,  were 
incontrovertible. 

But  to  return  to  Mr.  Lyell's  connexion  with  this  Society.  In 
February  1832  he  communicated  a  paper,  "  On  a  Freshwater  For- 
mation containing  Lignite,  in  Cerdagne,  in  the  Pyrenees ;"  and  in 
April  1833,  "  Observations  on  the  Loamy  Deposit  called  Loess,  in 
the  Valley  of  the  Shine." 

In  May  1834  he  published  a  new  edition,  called  the  3rd,  of  his 
c  Principles ;'  and  during  the  summer  of  that  year  he  made  a  tour  in 
Denmark  and  Sweden,  and  subsequently  communicated  to  the 
Boyal  Society  his  celebrated  paper  on  the  proofs  of  the  gradual 
rising  of  the  land  in  certain  parts  of  Sweden. 

On  February  20, 1835,  he  was  elected  President  of  this  Society, 
and  in  May  of  that  year  read  a  paper  "  On  the  Cretaceous  and 
Tertiary  Strata  of  the  Danish  Islands  of  Seeland  and  Moen,"  in 
which  he  gave  some  of  the  results  of  his  visit  to  the  islands  in  com- 
pany with  Dr.  Forchhammer,  dwelling  mainly  on  the  contorted 
chalk  of  Moen,  and  on  the  Faxoe  beds.  He  also  communicated  a 
paper  "  On  the  occurrence  of  fossil  vertebra  of  fish  of  the  Shark 
family  in  the  loess  of  the  Bhine,  near  Basle." 

He  continued  in  office  until  February  17, 1837,  when  he  was 
succeeded  by  the  Bev.  William  Whewell. 

In  August  1838  he  published  his  second  great  work,  '  The  Ele- 
ments of  Geology/  which  originally  consisted  of  an  expansion  of 
the  fourth  book  of  the  *  Principles.*  This  work  also  has  gone 
through  numerous  editions,  the  sixth  of  which  was  published  in 
1865.  In  some  of  the  intermediate  editions  it  was  termed  a 
*  Manual  of  Elementary  Geology ;'  but  the  work  having  outgrown 
the  usual  dimensions  of  a  manual,  its  original  title  was  resumed. 
As  some  measure  of  its  growth,  it  may  be  mentioned  that  whereas 
the  first  edition  consisted  of  528  pages  duodecimo,  the  sixth  con- 
tained 772  pages  octavo,  of  smaller  and  closer  type.    Of  the  great 


Digitized  by  VjOOQ IC 


62  PB0CEBDTHQ8  07  THE  GEOLOGICAL  SOCIETY. 

merits  of  this  text-book  of  our  science  I  need  hardly  speak.    To 
which  of  you  are  they  unknown  ? 

In  1839  he  again  joined  the  Council,  and  was  one  of  the  Vice- 
Presidents,  and  during  that  year  communicated  several  papers  to 
the  Society.  These  were : — 1.  On  the  occurrence  of  Graptotites 
in  the  slate  of  Galloway  in  Scotland,  the  specimens  having  bee* 
found  by  Mr.  J.  Carrick  Moore ;  2.  On  some  fossil  and  recent  sheSi 
collected  by  Captain  Bayfield,  B.N.,  in  Canada,  the  group  bearing 
much  resemblance  to  that  of  Uddevalla,  with  which  Mr.  Jjy&H  com- 
pared it ;  and  3.  On  the  relative  ages  of  the  Tertiary  deposits  cess- 
monly  called  Crag,  in  Norfolk  and  Suffolk,  in  which  he  substantiated 
the  chronological  arrangement  of  these  beds,  already  suggested  by 
Mr.  Charlesworth. 

In  1840  and  succeeding  years  he  still  remained  upon  the  Council, 
and  in  1840  communicated  papers  "  On  the  Boulder  Formation 
or  Drift,  and  associated  freshwater  deposits  composing  the  mud 
cliffs  of  Eastern  Norfolk  "  (a  memoir  published  in  the  London  and 
Edin.  Phil.  Mag.  for  May  1840),  and  "  On  the  Geological  evidence 
of  the  former  existence  of  Glaciers  in  Forfarshire."  In  1841  he  read 
papers  "On  the  freshwater  fossil  fishes  of  Mundesley,  as  determined 
by  M.  Agassis,"  "  On  the  Faluns  of  the  Loire,  and  a  comparison  of 
their  fossils  with  those  of  the  newer  Tertiary  strata  in  the  Cotentin, 
and  on  the  relative  age  of  the  Faluns  and  Crag  of  Suffolk,"  "  Some 
remarks  on  the  Silurian  strata  between  Aymestry  and  Wenlock," 
and  "  Notes  on  the  Silurian  strata  in  the  neighbourhood  of  Chris- 
tiania  in  Norway." 

In  1841  Mr.  Lyell  was  invited  to  deliver  a  course  of  twefre 
lectures  at  the  Lowell  Institution,  in  Boston,  Massachusetts,  and 
found  his  acceptance  of  the  task  repaid  by  an  immense  attendance 
at  his  class,  for  which  4500  tickets  were  issued,  the  average 
audience  numbering  about  3000.  He  took  this  opportunity  of 
travelling  through  a  considerable  portion  of  North  America — and  in 
1845  published  an  account  of  his  travels,  together  with  geological 
observations  on  the  United  States,  Canada,  and  Nova  Scotia,  in 
two  volumes.  Though  this  work  was  essentially  geological,  the 
amount  of  general  observations,  not  only  on  the  institutions  he 
found  in  America,  but  on  those  he  left  behind  him  in  England, 
shows  how  warm  an  interest  he  took  in  all  he  saw,  and  with  what 
true  liberality  of  spirit  his  opinions  were  formed.  Before  the 
appearance  of  his  '  Travels '  he  had  communicated  several  papers 
on  American  geology  to  this  Society : — the  first  in  a  letter  from 
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Boston  on  the  Carboniferous  and  older  rocks  of  Pennsylvania ;  2nd, 
a  memoir  on  the  recession  of  the  Falls  of  Niagara ;  3rd,  on  the 
Tertiary  formations  and  their  connexion  with  the  Chalk  in  Virginia 
and  other  parts  of  the  United  States  ;  4th,  on  the  fossil  footprints 
of  birds  and  impressions  of  rain-drops  in  the  valley  of  the  Con- 
necticut ;  5th,  on  the  ridges,  elevated  beaches,  inland  cliffs,  and 
boulder-formations  of  the  Canadian  lakes  and  valley  of  St.  Law- 
rence ;  6th,  on  the  Tertiary  strata  of  the  island  of  Martha's  Vine- 
yard in  Massachusetts ;  7th,  on  the  geological  position  of  the 
Mastodon  gigantism*  and  associated  fossil  remains  at  Bigbone  lick, 
Kentucky,  and  other  localities  in  the  United  States  and  Canada ; 
8th,  on  the  upright  fossil  trees  found  at  different  levels  in  the 
Coal  strata  of  Cumberland,  Nova  Scotia;  9th,  on  the  Coal- 
formation  of  Nova  Scotia,  and  on  the  age  and  relative  position  of 
the  G-ypsum  and  accompanying  marine  limestones ;  10th,  notes  on 
the  Cretaceous  strata  of  New  Jersey  and  other  parts  of  the  United 
States  bordering  the  Atlantic;  11th,  on  the  probable  age  and 
origin  of  a  bed  of  Plumbago  and  Anthracite  occurring  in  mica- 
schist  near  Worcester,  Massachusetts ;  12th,  on  the  Miocene  Ter- 
tiary strata  of  Maryland,  Virginia,  and  North  and  South  Carolina ; 
and,  13th,  observations  on  the  White  Limestone  and  other  Eocene 
or  older  Tertiary  formations  of  Virginia,  South  Carolina,  and 
Georgia.  Abstracts  of  most  of  these  papers  appeared  in  America, 
in  Silliman's  Journal. 

The  Cretaceous  and  Tertiary  Corals  collected  by  Mr.  Lyell 
afforded  also  the  foundation  for  several  valuable  papers  communi- 
cated to  the  Society  by  Mr.  Lonsdale. 

In  1843  he  revisited  the  Auvergne,  and  in  November  1845  coin* 
menced  a  paper  "  On  the  age  of  the  newest  lava-current  of  Au- 
vergne, with  remarks  on  some  Tertiary  fossils  of  that  country." 

In  the  autumn  of  1845  he  returned,  in  company  with  his  wife, 
to  America,  and  furnished  the  Society  with  "  Notices  of  the  Coal- 
fields of  Alabama  and  the  newer  deposits  of  the  Southern  States  of 
North  America,"  and  papers  "  On  the  Footmarks  discovered  in  the 
Coal-measures  of  Pennsylvania,"  and  "  On  the  structure  and  pro- 
bable age  of  the  James  river,  near  Bichmond,  Virginia." 

It  was  during  this  visit  that  he  was  enabled  to  make  the  im- 
portant observations  with  regard  to  the  formation  of  the  alluvial 
plain  of  the  Mississippi  which  he  communicated  to  the  British 
Association  after  his  return  to  England  in  June  1846,  and  which 
are  incorporated  in  the  later  editions  of  the  '  Principles.' 

vol.  xxxn.  e 
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In  1847  he  again  became  a  Vice-President  of  this  Society,  and 
read  a  paper  "  On  the  relative  age  and  position  of  the  so-called 
Nummulite  Limestone  of  Alabama."  He  also  made  the  reptilian 
footmarks  he  had  observed  in  America  the  foundation  of  a  lectors 
at  the  Boyal  Institution,  an  establishment  in  which  he  took  a  warm 
interest,  and  at  which  in  subsequent  years  he  gave  several  geolo- 
gical lectures  of  high  value. 

In  February  1849  he  contributed  another  American  paper  to  this 
Society,  in  the  shape  of  short  notes  on  some  recent  foot-prints  on 
Bed  Mud  in  Nova  Scotia.  Nor  were  these  papers  and  letters  the 
only  result  of  these  travels  ;  for  in  1849  he  published  "  A  second 
Visit  to  tho  United  States  of  North  America,"  in  two  volumes— a 
work  containing,  like  the  account  of  his  former  visit,  a  vast  amount 
of  geological  observations,  but  in  this  case  intermixed  with  a  con- 
siderably greater  proportion  of  general  information  and  anecdote. 

In  1848  he  received  the  honour  of  knighthood;  and  in 
February  1849  he  was  again  elected  President  of  this  Society,  and 
remained  in  office  until  1851,  when  he  was  succeeded  by  the  late 
Mr.  Hopkins.  In  December  1849  he  communicated  to  this  Society 
a  most  important  paper,  "  On  Craters  of  Denudation,  with  Observa- 
tions on  the  structure  and  growth  of  Volcanic  Cones ;"  and  in  1851, 
one  "  On  Fossil  Bain-marks  of  the  Recent  Triassic  and  Carboni- 
ferous Periods,"  on  which  subject  he  also  lectured  at  the  Boyal  Insti- 
tution. In  May  1852  he  again  furnished  a  paper, "  On  the  Tertiary 
Strata  of  Belgium  and  French  Flanders ;"  and  in  the  summer  of  that 
year  he  revisited  America,  as  one  of  the  Commissioners  of  the  Great 
Exhibition  in  New  York,  and  spent  some  time  in  Nova  Scotia 
and  New  Brunswick.  One  of  the  results  of  this  visit  was  a 
communication  to  the  French  Geological  Society,  "  Bapport  sur 
la  partie  geologique  de  ^Exposition  de  New  York  en  1853." 
Another  was  a  joint  paper  by  Sir  Charles  Lyell  and  Mr.  J.  W. 
Dawson,  read  to  this  Society  in  January  1853, "  On  the  remains  of 
a  reptile  (Dendrerpeton  acadianum,  Wyman  and  Owen),  and  of  a 
land-shell  discovered  in  the  interior  of  an  erect  fossil  tree  in  the 
Coal-measures  of  Nova  Scotia." 

A  portion  of  the  spring  of  1854  was  passed  by  Sir  Charles  Lyell 
in  Madeira ;  and  his  letters  to  his  father-in-law,  Mr.  Leonard 
Horner,  whose  eldest  daughter  he  had  married  in  1832,  afforded  an 
interesting  communication  to  this  Society  in  March  1854,  on  the 
geology  of  some  parte  of  Madeira. 

From  this  time   Sir  Charles  communicated  no  papers  to  this 
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Society.  He  remained,  however,  upon  our  Council  until  February 
1865,  taking  an  active  part  in  our  proceedings  and  constantly 
attending  our  meetings.  In  1866,  the  fact  of  his  having  retired 
from  the  Council  afforded  the  opportunity  of  awarding  to  him  the 
Wollaston  Medal ;  and  never  was  there  a  more  distinguished  reci- 
pient. In  1867  he  rejoined  the  Council,  and  remained  one  of  its 
members  until  the  day  of  his  death. 

His  devotion  to  Geology,  and  to  this  Society  as  its  chief  exponent 
in  this  country,  was  such  that  he  declined  more  than  one  possible 
career  of  utility  in  other  departments,  in  order  to  remain  free  to 
attend  our  meetings,  and  to  concentrate  his  energies  upon  his  fa- 
vourite science. 

Nor  can  his  interest  in  the  welfare  of  our  Society  and  of  geo- 
logical science  be  said  to  have  ceased  with  his  death ;  for  in  his 
will  he  bequeathed  to  the  Society  the  dies  for  a  medal,  and  a  sum  of 
.£2000,  the  interest  of  which  is  to  form  a  fund  to  be  bestowed  in 
the  encouragement  of  geology,  or  any  of  the  allied  sciences  by 
which  geology  may  have  been  most  materially  advanced.  The 
medal,  as  a  mark  of  honorary  distinction,  will  ever  be  highly 
valued ;  and  the  fund,  under  the  wide  and  liberal  conditions  for  its 
bestowal  laid  down  by  the  testator,  cannot  be  otherwise  than  pro- 
ductive of  good. 

Though  his  original  communications  to  this  Society  had  ceased 
in  1854,  the  pen  of  Sir  Charles  was  never  idle.  One  of  the  most 
important  papers  which  he  communicated  to  the  Boyal  Society, 
that  "  On  the  structure  of  lavas  which  have  consolidated  on  steep 
slopes,  with  remarks  on  the  mode  of  the  origin  of  Mount  Etna 
and  on  the  theory  of  Craters  of  Elevation,"  was  read  in  1858,  and 
was  subsequently  translated  into  French,  German,  and  Italian. 

His  principal  occupation  appears,  however,  to  have  been  the 
accumulation  of  fresh  stores  of  information,  and  recasting  his 
*  Principles '  and  *  Elements  of  Geology,'  of  which  a  fifth  edition 
appeared  in  1855. 

In  1859  his  thoughts  took  a  fresh  direction;  and  the  ques- 
tion of  the  antiquity  of  man,  then  brought  prominently  forward 
by  the  discoveries  in  the  Brixham  Cave,  and  by  the  confirmation  of 
M.  Boucher  de  Perthes's  discoveries  by  the  late  Dr.  Falconer  and 
Mr.  Prestwich,  and,  I  may  venture  to  add,  myself,  absorbed  his 
immediate  attention. 

He  had  long  taken  part  in  the  efforts  of  the  British  Association 
for  the  Advancement  of  Science,  and,  indeed,  had  been  one  of  its 

*2 
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founders.     He  had  presided  over  Section  C.  at  Newcastle  in  1838, 

again  at  Glasgow  in  1840,  at  Birmingham  in  1849,  and  at  Aberdeen 

m  1859.     It  was  at  this  latter  place,  to  a  crowded  audience,  among 

whom  was  the  late  Prince  Consort,  that  Sir  Charles,  in  his  openinf 

address,  took  the  Antiquity  of  Man  as  his  subject,  and  stated  to 

belief  that  the  age  of  the  Amiens  and  Abbeville  flint  implement* 

was  great  indeed  if  compared  with  the  times  of  history  or  tradition. 

Li  February  1863  the  first  edition  of  his  «  Antiquity  of  Man'  wis 

published ;  and  so  great  was  the  demand  for  it  that  it  reached  a 

third  edition  by  the  following  November.     In  it  he  not  only  sum- 

marked  all  the  evidence  in  favour  of  a  remote  origin  for  the  human 

race,  but  for  the  first  time  expressed  his  belief  in  Mr.  Darwin's 

theory  of  the  *  Origin  of  Species'  as  the  best   explanation  vet 

offered  of  the  connexion  between  man  and  those  anunals  which 

have  flourished  successively  on  the  earth ;  in  neither  case  allowing 

preconceived  opinions  or  a  mistaken  idea  of  consistency  to  interfere 

with  his  judgment  or  his  impartial  love  of  truth.     In  his  fourth 

edition,  which  appeared  in  May  1873,  much  new  matter  is  added, 

and  the  old  in  part  modified;  while  the  more  recent  discoveries, 

and  his  own  observations  during  his  travels  in  the  south  of  France 

in  1872  are  incorporated  in  the  work. 

In  1864  he  was  created  a  Baronet,  and  was  also  elected 
President  of  the  British  Association,  which  that  year  met  at 
Bath,  where,  after  dwelling  in  his  address  upon  the  problems 
connected  with  the  origin  of  thermal  springs  and  questions 
of  climate,  he  again  reverted  to  the  antiquity  of  man,  and  re- 
lated that  now  famous  apologue  as  to  the  difficulty  so  often 
experienced  when  called  upon  to  make  liberal  grants  of  time  to 
what  may  be  termed  the  recent  period  of  geology,  of  **  getting  the 
chill  of  poverty  out  of  our  bones." 

The  10th  edition  of  the  '  Principles  of  Geology,'  which  was 
greatly  enlarged  and  filled  two  volumes  instead  of  one  as  in  the 
9th  edition,  was  published  in  1866.  In  1872  the  11th  edition 
appeared ;  and  during  the  last  months  of  his  life  Sir  Charles  was 
busily  engaged  during  all  his  best  hours  in  preparing  the  12th 
edition,  which  has  been  published  since  his  death.  Even  on  his 
deathbed  he  had  the  last  few  pages  read  to  him,  suggesting  altera- 
tions and  giving  the  necessary  instructions  to  his  secretary.  It 
was  but  a  few  days  before  his  death  that  he  had  the  satisfaction  of 
announcing  to  one  of  his  friends  "  I  have  finished  revising  the 
4  Principles.' " 
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For  some  time  before  1871  Sir  Charles  had  strongly  felt  that 
he  might  aid  in  the  great  work  of  spreading  a  popular  taste  and 
interest  in  Geology  by  condensing  his  '  Elements '  and  bringing 
it  oat  at  a  price  which  would  just  cover  the  cost  of  its  preparation. 
The  writing  of  his  '  Student's  Elements  of  Geology '  was  in  con- 
sequence undertaken,  and  the  first  edition  published  in  1871,  which 
was  soon  exhausted.  The  success  of  this  attempt  to  popularise 
his  favourite  science  induced  Sir  Charles — who  often  expressed 
his  satisfaction  at  the  manner  in  which  this  work  of  his  old  age 
had  been  received — to  bring  out  a  second  and  enlarged  edition  in 
1874.  Though  the  *  Student's  Elements '  was  based  on  the  earlier 
4  Elements  of  Geology,'  the  author  regarded  them,  and  with  good 
reason,  as  two  separate  and  distinct  works. 

As  was  so  justly  due  to  his  eminent  services  in  the  advancement 
of  knowledge,  Sir  Charles  received  numerous  distinctions  from 
academic  bodies  both  at  home  and  abroad.  From,  the  Universities 
of  Oxford  and  Cambridge  he  received  the  honorary  degrees  of 
D.C.L.  and  LL.D.  He  was  an  honorary  Fellow  of  the  Royal 
Society  of  Edinburgh,  a  Knight  of  the  Prussian  Order  of  Merit,  and 
a  Corresponding  Member  of  the  French  Institute  (Academy  of 
Sciences),  of  the  Boyal  Academy  of  Sciences  of  Berlin,  Munich,  and 
Copenhagen,  of  the  Philosophical  Society  of  Philadelphia,  of  the 
Natural-History  Society  of  Boston,  and  of  other  learned  bodies. 

In  April  1873,  Sir  Charles  suffered  the  saddest  of  all  losses 
in  the  death  of  Lady  Lyell,  who  for  upwards  of  forty  years  had 
been  to  him  an  invaluable  helpmate.  To  use  the  words  of  Prin- 
cipal Dawson,  "  his  wife  not  only  graced  his  home,  and  sedulously 
attended  to  all  the  wants  and  interests  of  a  man  too  devoted  to  his 
specialties  to  give  much  attention  to  the  ordinary  affairs  of  life, 
but  shared  the  fatigues  of  his  journeys,  and  gave  no  small  help  in 
many  of  his  works,  being  herself  well  acquainted  with  natural 
history  and  an  accomplished  linguist."  From  this  loss  he  never 
fully  recovered;  and  failing  health  and  eyesight  prevented  him 
from  often  attending  our  meetings.  Those,  however,  among  us 
who  had  the  good  fortune  to  be  present  at  the  Jubilee  dinner  of 
the  Geological-Society  Club,  in  November  1874,  will  ever  remember 
with  pleasure  the  freshness  and  vigour  of  thought  which  he  then 
exhibited,  and  which  he  preserved  unto  the  end. 

It  was  this  freshness  of  mind  which  constituted  one  of  his 
greatest  charms  ;  and  the  vivid  interest  with  which  he  entered  into 
every  new  subject  and  the  attention  which  he  concentrated  upon 
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it  were  mlike  remarkable.  I  shall  never  forget  the  maimer  in 
which  on  one  occasion  he  witnessed  m y  manufacture  of  a  flint 
arrow-head  bj  means  of  a  tool  made  of  stag's  horn — how  he 
watched  every  splinter  and  scale  as  it  was  removed,  and  finally 
carried  off  not  onl j  the  finished  arrow-head,  bat  every  particle 
of  flint  which  had  been  dislodged  from  the  original  flake  in  the 
process  of  manufacture.  It  was,  too,  this  freshness  and  perpetual 
youth  of  mind  which  enabled  him  to  take  in  and  appreciate  all 
new  nets  as  they  were  discovered,  to  discard  any  of  his  former 
views  which  were  proved  to  be  erroneous,  and  to  cheer  on  by  his 
cordial  sympathy  the  younger  explorers  in  the  field  of  science  in 
winch  he  had  been  so  long  a  worker. 

Many  of  us  who  have  only  known  Sir  Charles  Lyefl  in  his  later 
years,  have  perhaps  been  too  much  accustomed  to  regard  him  rather 
as  a  systematiaer  of  the  facts  and  observations  of  others  than  as 
an  original  observer;  and  certainly  no  one  was  ever  more  pre- 
eminent in  this  most  useful  department  of  science,  no  one  pos- 
sessed greater  intuitive  knowledge  of  the  value  of  any  discovery, 
or  was  better  able  to  see  its  relation  to  other  facts,  and  to  place  it 
in  its  due  position ;  and  no  one  could  do  this  in  a  more  clear  and 
attractive  manner.  It  must,  however,  never  be  forgotten  with  how 
large  an  amount  of  travel  and  actual  observation  Sir  Charles  Lyefl 
began  his  course,  as  is  fully  evinced  by  his  numerous  communka- 
tions  to  this  Society,  nor  that  practically  the  progress  of  science 
has  been  much  further  advanced  by  those  who,  after  fully  qualify- 
ing themselves  for  the  task,  have,  like  Sir  diaries  LyeH,  brought 
themselves  into  close  contact  with  their  fellow-workers  in  the  same 
field,  and  reduced  their  discoveries  into  one  harmonious  whole, 
than  would  have  been  the  case  had  the  same  persons  confined 
themselves  to  original  work  in  what  after  all  could  be  but  a  small 
area  as  compared  with  the  whole  expanse  of  their  science. 

With  regard  to  his  original  work,  I  am  tempted  to  use  the  words 
of  a  letter  written  by  Mr.  Leonard  Horner  at  least  35  years  ago. 
"  Lyell's  reputation  rests  on  his  having,  in  his  *  Principles,'  put  forth 
grand  generalisations  of  the  science  of  Geology  in  a  masterly  manner. 
He  was  the  first  to  show  the  changes  of  climate  which  would  ne- 
cessarily follow  the  existence  or  absence  of  land  above  the  surface 
of  the  sea,  and  its  varied  elevation,  and  that  such  changes  in  the 
relative  proportions  of  sea  and  land  must  have  been  going  on  at 
various  epochs  all  over  the  globe.  He  has  also  propounded  new 
views  in  regard  to  the  successive  ages  of  the  more  modern  parts  of 
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sHe  earth's  surface — the  Tertiary  Strata — by  showing  that  their  re- 
lative ages  may  be  determined  by  the  proportions  of  the  remains 
of  living  organisms  imbedded  in  them." 

There  is  one  other  point  on  which  it  seems  desirable  to  say  a  few 
words  ;  and  inasmuch  as  I  find,  on  reading  Principal  Dawson's  ad- 
dress to  the  Natural-History  Society  of  Montreal,  that  he  has  an- 
ticipated me  on  the  subject,  I  make  no  apology  for   using  his 
language  rather  than  my  own.    He  says  that  injustice  has  been 
done  to  Lyell  by  a  misconception  that  he  was  thoroughly  uni- 
formitarian  in  the  sense  of  maintaining  that  similar  changes  have 
been  taking  place  throughout  all  geological  time.     "  It  is  true  that 
he  objected  to  any  explanation  of  geological  changes  by  imaginary 
cataclysms  not  warranted  by  observations  of  similar  facts;  but 
no  one  was  more  ready  than  he  to  receive  any  evidence  of  change, 
or  physical  or  organic  action,  whether  sudden  or  gradual,  as  a 
geological  cause,  provided  it  could  be  shown  to  be  or  to  have  been 
a  natural  fact.    Further,  no  one  was  more  fully  impressed  with 
the  continual  change  and  progress  in  nature,  and  with  the  neces- 
sity of  taking  into  account  the  different  conditions  of  different 
geological  times,  in  applying  any  modern  cause  to  account  for 
ancient  phenomena." 

It  is,  however,  time  to  conclude  this  imperfect  memoir,  which 
has  extended  to  an  almost  unprecedented  length,  but  which  I  fear 
has  not  done  justice  to  one  whose  memory  we  all  so  highly  honour, 
and  to  whose  labours  the  whole  of  the  civilized  world  is  so  deeply 
indebted.  His  death,  which  was  somewhat  accelerated  by  an 
accident,  took  place  on  February  22,  1875.  The  remains  of  Sir 
Charles  Lyell  received  a  fitting  tribute  of  honour  by  being  interred 
among  others  of  our  good  and  great  in  Westminster  Abbey.  In 
the  words  of  the  solemn  anthem  which  we  heard  over  his  grave. 
"  His  body  is  buried  in  peace,  but  his  name  liveth  evermore." 

8ir  Charles  LyelTs  early  and  constant  friend,  Mr.  George  Poulett 
Scbope*  F.B.S.,  did  not  long  survive  him.  He  was  born  in  London 
in  1797— the  year  in  which  also  Sir  Charles  was  born — and  was  the 
second  son  of  J.  Poulett  Thomson,  Esq.,  of  Waverley  Abbey,  Surrey, 
the  head  of  the  eminent  mercantile  firm  of  Thomson,  Bonar  and 
Co.    He  was  educated  at  Harrow,  and  subsequently  proceeded  to 

*  For  portions  of  this  memoir  I  am  indebted  to  a  biography  of  Mr.  Scrope, 
wiaed,  I  believe,  if  not  written  by  himself,  in  the  Geological  Magazine  for  Mav 
1870. 
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tain  by  powerful  continuous  explosions  of  twenty  days'  duration. 
The  study  of  this  stupendous  example  of  volcanic  energy,  and  of 
its  effects,  impressed  Mr.  Poulett  Scrope  with  those  opinions  on  the 
true  character  and  mode  of  action  of  volcanic  force  which  distin- 
guish his  views  on  this  subject  from  those  of  the  greater  number 
of  writers  who  have  treated  upon  the  same  matters,  but  who  pos- 
sessed a  less  fortunate  combination  of  opportunities  for  the  direct 
personal  observation  of  the  phenomena  and  the  formation  of  a  sound 
judgment  as  to  their  real  nature. 

Mr.  Scrope  contributed  to  the  'Journal  of  Science'  (vol.  xv. 
p.  175)  a  short  account  of  the  great  eruption  of  1822,  with  a 
drawing  of  the  crater  as  it  appeared  immediately  afterwards. 

In  the  summer  of  1823  he  spent  some  time  in  the  examination 
of  the  volcanic  region  of  the  Upper  and  Lower  Eifel,  the  Siebenge- 
birge,  Ac,  and  subsequently  sent  a  detailed  description  of  them  to  the 
4  Edinburgh  Journal  of  Science'  (June  1826).  Seturning  to  England, 
he  was  proposed  as  a  Fellow  of  this  Society,  and  was  elected  on  April 
23,  1824,  Sir  Charles  Lyell's  name  being  among  those  appended  to 
his  certificate.  At  the  time  of  his  election  he  communicated  a  paper 
to  the  Society  "  On  the  Geology  of  the  Ponza  Islands,"  which 
afforded  matter  for  reading  at  three  successive  meetings.  It  is 
printed  in  our  Transactions.  He  had  already,  in  1823,  published 
some  articles  in  the  '  Quarterly  Journal  of  Science,'  "  On  the 
Geology  of  the  Paduan,  Vicentine,  and  Veronese  territories,"  and 
appears  also  to  have  written  on  the  fossil  fishes  of  Monte  Bolca. 
In  February  1825  he  was  elected  one  of  the  Secretaries  of  this 
Society  in  conjunction  with  Sir  Charles  Lyell,  but  retired  from  the 
office  at  the  end  of  the  year,  remaining  on  the  Council  until  1827. 

In  March  of  the  latter  year  he  communicated  a  paper  "  On  the 
Volcanic  district  of  Naples." 

In  1825  he  published  the  first  edition  of  his  work  *  On  Volcanos, 
the  character  and  probable  causes  of  their  Phenomena,  and  their 
connexion  with  the  present  state  and  past  History  of  the  Earth,' 
a  work  which,  owing  to  its  strong  opposition  to  the  Wernerian 
doctrines  as  to  the  aqueous  precipitation  of  Trap-rocks,  which  were 
at  that  time  in  the  ascendant,  was  received  by  many  with  distrust, 
and  by  some  even  with  ridicule.  A  few  years  later,  however,  the 
justice  of  Mr.  Poulett  Scrope's  views  as  to  the  volcanic  origin  of 
Basalts,  Trachytes,  Porphyries,  and  similar  rocks,  and  of  his  ideas  as 
to  subterranean  agency  began  to  be  acknowledged ;  and  at  the  end 
of  1826,  when  his  volume  *  On  the  Geology  and  Extinct  Volcanos 
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of  Central  France '  issued  from  the  press,  illustrated  by  elaborate 
sketches  made  upon  the  spot,  a  different  opinion  began  to  be  formed 
as  to  the  authority  of  his  earlier  work. 

One  feature  of  great  interest  in  the  case  is  that  in  the  *  Quar- 
terly Beview '  for  May  1827  appeared  an  article  "  On  the  Geology 
of  Central  France,"  which,  in  the  words  of  Mr.  Scrope,  was,  "I 
believe,  the  first  essay  of  my  distinguished  friend  Sir  Charles  Lyell 
in  the  path  of  geological  generalization  which  he  has  since  so  suc- 
cessfully pursued." 

There  can  be  no  doubt  as  to  the  community  of  ideas  which 
existed  between  Scrope  and  his  fellow  Secretary,  which,  indeed, 
formed  a  bond  of  intimacy  and  of  mutual  regard  between  them. 
Both  the  one  and  the  other  were  the  staunch  advocates  of  the  doc- 
trines of  Hutton  and  Flayfair  as  contrasted  with  those  of  Werner; 
and  there  cannot  well  arise  a  question  of  priority  between  them. 
The  following  passages,  extracted  from  the  "  Preface  to  the  Con- 
siderations on  Volcanos,"  published  in  1825,  might  almost  have  been 
written  by  the  author  of  the  *  Principles  of  Geology,'  and  are  well 
worthy  of  being  reproduced : — 

"  Geology  has  for  its  business  a  knowledge  of  the  physical  pro- 
cesses which  are  in  continual  or  occasional  operation  within  the 
limits  of  our  planet,  and  the  application  of  these  laws  to  ex- 
plain the  appearances  discovered  in  our  geognostical  researches, 
so  as  from  these  materials  to  deduce  conclusions  upon  its  past 
history. 

"  The  surface  of  the  globe  exposes  to  the  eye  of  the  geognost 
abundant  evidence  of  a  variety  of  changes  which  appear  to  have 
succeeded  one  another  during  an  incalculable  lapse  of  time.  These 
changes  are  briefly : — 

"  1.  Variations  of  level  between  different  constituent  parts  of 
the  surface  of  the  terraqueous  globe. 

"  2.  The  destruction  of  former  rocks  and  their  reproduction 
under  new  forms. 

"3.  The  production  of  new  rocks  upon  the  earth's  surface. 
Geologists  have  hitherto  usually  had  recourse  for  the  explanation 
of  these  changes  to  the  supposition  of  sundry  violent  and  extra- 
ordinary catastrophes,  cataclysms,  or  general  revolutions. 

44  As  the  idea  imparted  by  the  terms  cataclysm,  catastrophe,  or 

revolution  is  extremely  vague,  and  may  comprehend  any  thing  you 

™°se  *°  imagine,  it  answers  for  the  time  as  an  explanation ;  that 

it  stops  further  inquiry;  but  it  has  the  disadvantage  of  stop- 
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ping  also  the  advance  of  the  science  by  involving  it  in  obscurity 
and  confusion. 

"  If,  however,  instead  of  forming  guesses  as  to  what  may  have 
been  the  possible  causes  and  nature  of  these  changes,  we  pursue 
that  which  I  conceive  to  be  the  only  legitimate  path  of  geological 
inquiry,  and  begin  by  examining  the  laws  of  nature  which  are 
actually  in  force,  we  cannot  but  perceive  that  numerous  physical 
phenomena  are  going  on  at  this  moment  on  the  surface  of  the 
globe  by  which  various  changes  are  produced  in  its  constitution 
and  external  character." 

He  then  considers  the  nature  of  these  changes  and  their  analogy 
with  those  which  must  have  occurred  in  earlier  ages  of  the  world's 
history,  and  adds,  "  until  after  a  close  investigation  and  the  most 
liberal  allowance  for  all  possible  variations,  and  an  unlimited  series 
of  ages,  they  have  been  found  wholly  inadequate  to  the  purpose,  it 
would  be  unphilosophical  to  have  recourse  to  any  gratuitous  and 
unexampled  hypotheses  for  the  solution  of  these  analogous  facts." 

But  to  return  to  the  other  writings  of  Mr.  Scrope.  In  1826  he 
communicated  to  the  Edinburgh  Journal  of  Science  some  "  Obser- 
vations on  Humboldt's  Theory  of  the  Volcano  of  Jorullo,"  and  "  On 
the  volcanic  formation  of  the  left  bank  of  the  Rhine,"  and  to  the 
'  Quarterly  Journal  of  Science '  a  "  Descriptive  arrangement  of  Vol- 
canic Bocks." 

In  February  1830  his  paper  "  On  the  gradual  excavation  of  the 
valleys  in  which  the  Meuse,  the  Moselle,  and  some  other  rivers 
flow"  was  read  to  this  Society.  This  was  following  up  his 
views  as  to  the  excavation  of  the  valleys  of  the  Auvergne.  Lyell 
and  Murchison  had,  as  I  have  already  stated,  followed  Scrope's 
observations  in  that  district,  and  confirmed  their  accuracy ;  and  it 
has  been*  cited  as  a  remarkable  instance  of  the  convincing 
character  of  Scrope's  work,  that  both  the  one  and  the  other,  though 
holding  the  most  divergent  opinions  on  all  similar  questions — 
equally  maintained  in  their  latest  writings  the  accuracy  of  his 
conclusions  in  the  Auvergne  district. 

In  1831  Mr.  Poulett  Scope,  who  had  for  some  years  been 
settled  in  the  ancient  family  seat  of  the  Scropes,  of  Wiltshire, 
Castle  Combe,  furnished  this  Society  with  a  paper  "  On  the  rippled 
markings  of  many  of  the  Forest-marble  beds  north  of  Bath,  and 
the  foot-tracks  of  certain  animals  occurring  in  great  abundance  on 

*  See  Memoir  of  Mr.  Poulett  Scrope,  by  J.  W.  Judd,  F.GhS.,  in  the  'Academy,' 
January  29,  1876. 
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Volcano*,'  with  an  enlarged  description  of  all  the  known  volcano* 
and  volcanic  formations  of  the  globe.  Since  that  time  he  has  been 
a  frequent  contributor  of  papers  of  great  interest  to  the  pages  of 
the  *  Geologist '  and  its  successor,  the  '  Geological  Magazine.' 

In  1867  the  richly  deserved  honour  of  the  Wollaston  Medal  was 
awarded  to  him  by  the  Council  of  this  Society,  in  recognition  of 
the  highly  important  services  he  had  rendered  to  Geology  by  his 
examination  and  published  descriptions  of  the  volcanic  phenomena 
of  Central  France,  and  by  his  works  on  the  subject  of  volcanic 
action  generally  throughout  the  world. 

Of  his  other  writings  may  be  mentioned  the  '  History  of  the 
Manor  and  Ancient  Barony  of  Castle  Combe,  in  the  County  of 
Wilts/  which  was  printed  for  private  circulation  in  1852.  It  is  a 
handsome  4to  volume,  with  numerous  illustrations,  and  full  of  his- 
torical research.  Portions  of  the  work  had  already  appeared  in 
the  '  Wiltshire  Magazine/  to  which  he  was  a  frequent  contributor 
— having  been  for  many  years  President  of  the  Archaeological 
and  Natural-History  Society  of  that  county.  Besides  antiquarian 
papers,  he  furnished  that  Magazine  with  a  popular  essay  "  On  the 
Geology  of  Wiltshire/'  and  one  "  On  the  origin  of  the  Terraces, 
Bulks,  or  Lynchets  of  the  Chalk  Downs/'  in  which  he  combated  the 
"  sea-beach  "  origin  ascribed  to  them  by  Mr.  D.  Mackintosh. 

After  relinquishing  his  seat  in  Parliament  in  1868,  he  lived  in 
complete  retirement ;  but,  though  suffering  from  defective  sight,  he 
kept  pace  with  the  geological  progress  of  the  day,  having  in  his 
old  age  found  a  solace  in  returning  to  the  favourite  study  of  his 
youth.  Even  within  a  few  weeks  of  his  death,  a  friendly  con- 
troversy in  the  pages  of  'Nature/  between  him  and  the  Presi- 
dent of  the  Boyal  Society,  showed  how  unimpaired  was  still  the 
activity  of  his  mind,  and  how  vivid  was  his  remembrance  of  the 
scene  of  his  early  explorations.  His  kindly  manner  and  courtesy 
endeared  him  to  all  who  were  brought  into  contact  with  him ;  and 
more  than  one  of  his  surviving  friends  can  testify  to  his  readiness 
to  assist  them  with  more  than  mere  words,  and  to  the  friendly  and 
large-hearted  liberality  with  which  he  stimulated  and  assisted 
younger  labourers  in  his  own  domain. 

He  died  at  Fairlawn,  near  Cobham,  in  Surrey,  on  the  19th  of 
January  last ;  and  his  remains  are  interred  in  the  quiet  country 
churchyard  of  Stoke  d'Abernon. 

Next  in  succession  to  Sir  Charles  Lyell  and  Mr.  Poulett  Scrope 

Digitized  by  VjOOQ IC 


76  nocoraras  of  thk  geological  socibtt. 

most  be  mentioned  another  veteran,  who  was  almost  their  contem- 
porary, Sir  William  Edmokd  Log  ax,  FJLS.* 

He  was  born  in  Montreal  in  1798,  of  Scottish  parents,  and 
after  commencing  his  education  in  Mr.  Shakel's  school,  in  that 
city,  completed  h  at  the  High  School  and  University  of  Edin- 
burgh. On  leaving  college  he  entered  the  counting-house  of  his 
uncle,  Mr.  Hart  Logan,  in  London,  where  he  remained  about 
ten  years,  and  was  even  at  that  time  attached  to  the  study  of 
geology. 

In  1829  he  paid  a  visit  to  Canada ;  but  returning  the  same  year 
to  this  country,  he  settled  at  Swansea,  and  in  partnership  with  Mr. 
Starling  Benson  he  undertook  the  charge  of  some  copper-smelting 
works  and  a  colliery  in  which  one  of  his  uncles  was  interested. 
In  1834  he  made  a  tour  through  France  and  Spain,  visiting  many  of 
the  mines  in  the  latter  country,  and  examining  the  f  ossilif  erous  beds 
of  Touraine.  While  at  Swansea  he  was  an  active  promoter  of  the 
Boyal  Institution  of  South  Wales,  having  been  associated  with  our 
present  Treasurer,  Mr.  J.  Gwyn  Jeffreys,  as  one  of  the  Honorary 
Secretaries  and  the  Curator  of  the  geological  department.  He 
also  collected  a  vast  amount  of  geological  information  with  regard 
to  the  South-Wales  Coalfield,  which  he  generously  placed  at 
the  disposal  of  Sir  Henry  Be  la  Beche,  when  he  began  the 
Geological  Survey  of  the  district.  So  excellent  was  his  work  that 
it  was  adopted  by  the  Government  Survey ;  and  the  name  of  Logan 
appears  on  the  early  maps  of  the  district,  in  conjunction  with  those 
of  De  la  Beche,  Bamsay,  Phillips,  and  Aveline.  In  1837  he  was 
elected  a  Fellow  of  this  Society ;  and  in  1838,  on  the  death  of 
his  uncle,  he  resigned  his  position  at  Swansea,  and  devoted  himself 
more  completely  to  geological  pursuits.  His  first  geological  paper 
was  u  On  that  part  of  the  South  Welsh  Coal  Basin,  which  lies  between 
the  Yale  of  Neath  and  Carmarthen  Bay,"  which  was  communicated 
to  the  British  Association  in  1837.  In  1840  his  important  paper 
"  On  the  character  of  the  beds  of  Clay  lying  immediately  below  the 
Coal-seams  of  South  Wales,  and  on  the  occurrence  of  Coal-boulders 
in  the  Pennant  Grit  of  that  district,"  was  read  to  this  Society. 
In  it  he  pointed  out,  for  the  first  time,  how  each  coal-seam  rests 
on  an  underclay,  with  rootlets  of  Stigmaria  in  it,  and  sug- 
gested that  this  was  the  soil  in  which  the  Stigmaria  grew,  and  that 

*  For  many  of  the  particulars  in  this  memoir  I  am  indebted  to  a  paper  by 
Br.  B.  J.  Harrington,  communicated  to  the  Nat-Hist.  Soc.  of  Montreal,  and 
**  -  notice  by  Prof.  A.  Geikie,  F.R.8.,  in  « Nature,'  July  1,  1875. 
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the  coal  now  stood  in  the  place  of  the  matted  vegetation  which 
grew  upon  that  soil.  It  is  needless  to  point  out  the  value  of  this 
happy  deduction. 

In  order  more  fully  to  verify  its  general  application,  he  visited 
America  in  1841,  and  examined  the  coalfields  of  Pennsylvania  and 
Nova  Scotia,  recording  his  observations  in  a  paper  published  in  our 
Proceedings,  which  also  contains  his  remarks  on  the  packing  of  ice 
in  the  river  St.  Lawrence,  and  on  some  geological  phenomena  he 
had  noticed  in  the  neighbourhood  of  Montreal. 

Whether  it  was  in  any  degree  owing  to  Mr.  Poulett  Scrope's 
brother  (Lord  Sydenham)  having  been  Governor-General  of  Canada 
up  to  1841,  that  a  desire  arose  in  the  colony  for  the  institution  of 
a  Geological  Survey,  it  is  now  perhaps  impossible  to  say.  But  early 
in  1842  a  sum  of  £1500  having  been  voted  for  the  purpose,  the 
appointment  of  a  Provincial  Geologist  was  referred  to  the  late  Earl 
of  Derby,  who,  on  the  recommendation  of  Murchison,  De  la  Beche, 
Sedgwick,  and  Buckland,  appointed  Mr.  Logan,  whose  name  had 
already  been  mentioned  by  the  Canadian  authorities. 

In  August,  1842,  he  arrived  in  Canada,  and  at  his  own  expense 
spent  several  months  in  making  a  preliminary  examination  of  the 
country,  but  returned  to  England  to  make  his  final  arrangements. 
He  was  fortunate  enough  to  secure  the  aid  of  Mr.  Alexander 
Murray,  who  is  now  directing  the  Geological  Survey  of  Newfound- 
land. 

He  commenced  his  actual  work  in  May  1843,  his  first  business 
being  to  examine  portions  of  the  Coalfield  of  Nova  Scotia  and  New 
Brunswick.  It  was  at  this  time  that  he  made  his  celebrated  Section 
of  the  Coal-measures  of  the  South  Joggins,  which  gives  details  of 
nearly  the  whole  thickness  of  the  coal  formation  of  Nova  Scotia, 
or  14,570  feet,  including  seventy-six  beds  of  coal  and  ninety  distinct 
&»$rmar^underclays.  The  summer  and  autumn  of  the  same  year 
he  spent  in  examining  the  coast  of  the  Gaspe*  Peninsula  in  order  to 
determine  whether  any  outlying  patches  of  the  Coal-measures  were 
there  to  be  found ;  and  the  following  summer  he  devoted  to  the 
Copper-bearing  rocks  of  Lake  Superior;  where  he  discovered  the 
same  old  chloritic  slates  which  he  had,  in  1845,  observed  on  Lake 
Temiscaming,  and  to  which  the  name  of  Huronian  has  since  been 
given. 

In  subsequent  years  he  studied  the  eastern  parts  of  Canada,  and 
in  1850  the  gold-bearing  drift  of  the  Chaudiere,  but  devoted  much 
time  to  the  collection  of  the  specimens  w  hich  attracted  so  great  an 
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amount  of  attention  in  the  London  Exhibition  of  1851.  He  spent 
part  of  that  year  in  England,  rejoicing  to  meet  his  old  geological 
friends ;  and  the  opportunity  was  taken  of  electing  him  a  Fellow  of 
the  Royal  Society,  from  which  body  he  received  one  of  the  Royal 
Medals  in  1867. 

He  returned  to  Canada  in  August  1851,  and  continued  the  ex- 
amination of  the  country  on  the  north  side  of  the  St.  Lawrence 
during  the  following  years,  and,  in  his  Report  of  1854,  first  desig- 
nated the  rocks  as  Laurentian  which  had  hitherto  been  only  known 
as  the  Metamorphic  Series  or  Fundamental  Gneiss. 

He  eventually  showed  how  these  rocks  are  older  than  the  Hu- 
ronian,  and  that  those  two  unconformable  groups  attain  together 
to  a  thickness  of  not  less  than  30,000  feet.  He  was  among  the  first 
to  recognize  the  organic  character  of  the  Eozoon  canadense  from 
this  formation,  and  exhibited  it  as  a  fossil  in  1857,  some  years 
before  its  true  structure  and  affinities  were  determined  by  Dawson 
and  Carpenter. 

In  1854  and  1855  his  time  was  much  taken  up  with  prepara- 
tions for  the  Paris  Exhibition,  which  he  attended  as  one  of  the 
Canadian  Commissioners.  At  Paris  he  was  made  a  Chevalier  of 
the  Legion  of  Honour;  and  early  in  1856  he  received  the  honour  of 
knighthood  in  this  country.  It  was  in  that  year  that  the  Council 
of  this  Society  awarded  to  him  the  Wollaston  Medal,  for  his  elabo- 
rate papers  on  the  origin  and  structure  of  the  Coal-beds  in  England, 
and  for  his  subsequent  labours  in  Canada  in  carrying  out  the  Geo- 
logical Survey  of  that  country,  and  particularly  for  his  admirable 
Geological  Map  of  Canada. 

On  his  return  to  Montreal  the  citizens  presented  him  with  a  testi- 
monial, and  the  Natural-History  Society  with  an  address,  while  the 
Members  of  the  Canadian  Institute  of  Toronto,  of  which  Sir  William 
Logan  was  the  first  President,  had  his  portrait  painted  and  hung 
up  in  their  hall. 

In  1857,  after  the  meeting  of  the  American  Association  for  the 
Advancement  of  Science  at  Montreal,  at  which  he  read  papers  "  On 
the  Huronian  and  Laurentian  Series  of  Canada"  and  "  On  the  sub- 
division of  the  Laurentian  Rocks  in  Canada,"  he  made  a  geological 
tour  through  the  State  of  New  York  in  company  with  Professor 
Ramsay.  His  subsequent  work,  up  to  1869  when  he  resigned  his 
appointment  to  Mr.  A.  R.  C.  Selwyn,  our  Murchison  Medallist  of 
this  day,  was  mainly  the  preparation  and  publication  of  the  *  Geology 
of  Canada,'  with  its  accompanving  Atlas. 
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He  found  time,  however,  for  work  in  the  field,  especially  among 
the  Laurentian  rocks  of  Qrenville  and  the  Pictou  Coalfield. 

The  few  remaining  years  of  his  life  were  occupied  chiefly  with  a 
study  of  the  rocks  of  the  eastern  townships  of  Canada,  and  of  part 
of  New  England;  but  the  results  of  this  portion  of  his  labours  hare 
not  been  published. 

His  difficulties  in  the  conduct  of  the  Geological  Survey  of  Canada, 
especially  during  the  first  years  of  its  existence,  were  enormous ;  and 
nothing  but  the  almost  superhuman  energy  and  industry  which  he 
exhibited  in  preparing  his  reports,  and  his  tact  in  management,  and 
great  power  of  organization,  would  have  carried  him  through  to  a 
successful  result.    By  the  strictest  economy,  by  judicious  choice  of 
assistants,  by  the  enlistment  of  volunteers  in  his  service,  and  by 
directing  his  observations  to  points  where  the  mineral  resources 
of  the  colony  were  most  likely  to  be  rendered  available,  he  con- 
verted an  institution  which  had  been  looked  on  with  but  lukewarm 
interest  at  best,  into  one  which  is  now  among  the  most  popular 
in  the  colony.    In  the  words  of  the  4  Daily  Globe '  of  Toronto,  in 
an  article  upon  his  retirement,  "  It  may  be  safely  said  that  from 
no  other  department  of  the  administration  have  such  results  been 
obtained  as  from  the  Geological  Survey. . .  .  Many  times  have  Sir 
William  Logan's  statements,  in  reference  to  economical  minerals, 
been  questioned,  sometimes  even  with  what  appeared  at  the  moment 
to  be  justice.    Experience,  however,  invariably  proved  him  to  be 
right.     He  has  always  wisely  and  prudently  guarded  his  state- 
ments, so  as  to  prevent  reckless  expenditure  of  money  in  unpro- 
ductive mines,  while  he  has  given  all  needful  encouragement  to 
reasonable  and  intelligent  hopes  of  a  financial  return.    It  is  some- 
thing for  him  to  say  in  leaving  the  Survey,  that  his  statements 
have  deceived  no  one,   that  not  one  dollar  has  been  expended 
by  reason  of  errors  or  too  sanguine  statements  on  his  part." 

Besides  the  papers  already  mentioned,  he  communicated  to  this 
Society,  in  1852,  one  on  the  "  Footprints  (>ccurring  in  the  Potsdam 
Sandstone  of  Canada."  Sir  William  also  published  several  memoirs, 
in  the  '  Canadian  Journal,'  the  *  Canadian  Naturalist,'  and  '  Silli- 
man's  Journal ;'  but  his  reports  alone  would  fill  several  volumes. 
Personally  he  was  a  man  of  frank  simple  manners,  of  great  libe- 
rality, and  earnestly  devoted  to  his  profession.  From  his  attach- 
ment to  his  native  country  of  Canada,  he  declined  the  great  in- 
ducements offered  to  him  by  the  East-India  Company,  in  1845,  to 
proceed  to  India  with  the  view  of  investigating  its  resources  in 
VOL.  xxxii.  / 
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coal.  It  was  the  same  liberal  and  patriotic  feeling  which  led  him 
to  advance  considerable  sums  of  money  from  his  private  resource*, 
in  order  that  the  operations  of  the  Survey  might  not  be  interrupted 
in  its  early  years.  In  1864  he  endowed  the  McGill  University 
with  the  *  Logan  Gold  Medal f  for  an  honour  course  in  Geology 
and  Natural  Science ;  and  in  1871  he  endowed  the  Logan  Chair  of 
Geology  of  that  University  with  $19,000,  to  which  his  brother, 
Mr.  Hart  Logan,  added  another  $1000.  Sir  William,  who,  like  his 
four  brothers,  never  married,  died  at  Castle  Malgwyn,  Llechryd, 
South  Wales,  on  the  22nd  of  June  last. 

Mons.  G£babd  Paul  Deshates  was  born  May  24th,  1796,  at 
Nancy,  where  his  father  was  Professor  of  Experimental  Physics  in 
the  JScole  Centrale  of  the  Department  of  la  Meurthe.  After  study- 
ing in  the  Faculty  of  Medicine  at  Strasburg,  where  he  obtained  the 
first  prize  for  anatomical  dissection,  he  came  to  Paris  about  the 
year  1820,  and  took  the  degree  of  "  Bachelier  es  lettres  "  in  1821. 
Abandoning  the  medical  profession,  he  devoted  himself  to  natural 
history,  and  especially  to  geology  and  conchology.  His  first  memoir 
on  any  geological  subject  was  published  in  1823,  its  subject  being 
the  fossil  shells  of  Valmondois,  between  Pontoise  and  PIsle  Adam, 
where  he  had  discovered  several  new  and  interesting  species.  He 
had  already  devoted  much  attention  to  the  fossil  shells  of  the  Paris 
Basin,  and  in  1824  commenced,  at  his  own  risk  and  charges,  his 
great  work,  the  *  Description  des  coquilles  fossiles  des  environs  de 
Paris.,  This  work,  for  a  time  interrupted,  owing  to  misfortunes  in 
his  family  and  pecuniary  difficulties,  was  brought  to  a  conclusion 
in  1837.  After  twenty  years  of  further  study  he  returned  to  the 
subject  in  1857,  when  he  published  the  first  part  of  his  4  Descrip- 
tion des  Animaux  sans  vertebres  decouverts  dans  le  bassin  de 
Paris/  which  was  completed  in  1867.  This  study  of  the  fossil 
shells  of  the  Paris  Basin,  their  connexion  with  the  strata  in  which 
they  occur,  and  their  sequence  in  time  may,  indeed,  be  regarded  as 
the  great  work  of  his  life.  He  had  already  arrived  at  the  con- 
clusion that  the  fossil  shells  of  the  Tertiary  Period  might  be  grouped 
under  three  main  divisions,  when,  as  I  have  already  stated,  he  was 
brought  into  contact  with  Sir  Charles  Lyell,  whose  investigations  had 
led  him  to  much  the  same  result.  Mons.  Deshayes  rendered  Sir 
Charles  most  valuable  assistance  by  furnishing  him  with  the  Sta- 
tistical Tables  which  appeared  in  the  4  Principles  of  Geology/ 

In  1833  he  undertook  the  description  of  the  Molluscs,  both 
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recent  and  fossil,  brought  home  by  the  scientific  expedition  to  the 
Morea,  and  in  1834  performed  the  same  task  for  the  collection  of 
shells  formed  in  India  by  M.  Belanger.  In  1839  he  began  the 
publication  of  his  'Traite*  elementaire  de  Conchyliologie,  avec 
Implication  de  cette  science  a  la  geognosie/  which,  however,  was 
not  finished  until  1857.  It  was,  indeed,  in  1839  that  he  was 
selected  by  the  Academy  to  take  part  in  the  labours  of  the  scientific 
commission  which  was  sent  by  the  French  government  to  Algeria. 
He  remained  in  that  country  until  1842,  not  only  collecting  but 
making  drawings  of  his  specimens.  The  publication  of  his  '  Mol- 
lusques  de  l'Algerie  *  was  unfortunately  interrupted  by  the  Devolu- 
tion of  1848,  after  150  coloured  plates  and  600  pages  of  text  had 
appeared.  Jointly  with  M.  Milne-Edwards,  M.  Deshayes  revised 
the  *  Histoire  naturelle  des  animaux  sans  vertebras '  of  Lamarck; 
He  also  assisted  in  the  publication  of  the  'Histoire  naturelle 
des  Mollusques '  of  Ferussac. 

Soon  after  his  arrival  in  Paris  he  commenced  giving  private 
lectures  on  geology,  with  occasional  excursions  in  the  field.  Among 
those  who  attended  his  classes  may  be  mentioned  Messrs.  E.  de 
Beaumont,  D'Archiac,  de  Verneuil,  Constant  PrevOst,  Desnoyers, 
and  He*bert. 

He  was  for  many  years  a  distinguished  member  of  the  Geolo- 
gical Society  of  France,  of  which  he  was  one  of  the  founders, 
and  more  than  once  the  President ;  and  in  1869  he  was  nominated 
Professor  of  Conchology  at  the  Museum  d*Histoire  Naturelle  at 
Paris.  His  fine  private  collection  was  purchased  by  the  French 
Government  in  1868,  and  deposited  in  the  ficole  des  Mines. 

Though  the  greater  part  of  M.  Deshayes's  work  was  confined  to 
France,  the  article  "  Conchif  era  "  in  Todd's  Cyclopaedia  of  Anatomy 
and  Physiology  is  attributed  to  his  pen ;  and  he  also  commenced  a 
catalogue  of  the  bivalve  shells  in  the  British  Museum,  of  which 
only  the  first  part,  relating  to  the  Venerid®,  was  published. 

In  1836,  under  the  presidency  of  Sir  Charles  Lyell,  he  received  from 
our  Society  the  proceeds  of  the  "Wollaston  Fund  to  assist  him  in  his 
labours  on  fossil  conchology,  and  in  1856  and  again  in  1864  this  same 
fund  was  awarded  to  him  in  testimony  of  the  high  value  which  this 
Society  had  always  attributed  to  his  labours,  and  in  the  hope  that 
it  might  be  of  some  use  to  him  in  the  further  prosecution  of  his 
important  work  on  the  Mollusca  of  the  Paris  Basin.  In  1870, 
just  50  years  after  his  arrival  in  Paris,  the  "Wollaston  medal  was 
awarded  to  him  as  the  highest  honour  the  Council  of  this  Society 
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could  bestow  upon  the  pupil,  editor,  and  continuator  of  Lamarck,  and 
the  worthy  successor  of  his  great  master  in  the  chair  of  Natural 
History  in  the  Museum  d'Histoire  Naturelle. 

In  1841  he  was  elected  a  Foreign  Member  of  this  Society. 
A  translated  abstract  of  one  of  his  papers  "  on  the  fossil  shells  of 
the  Pyrenees  "  will  be  found  in  our  Journal ;  and  several  of  his 
papers  are  printed  in  the  Proceedings  of  the  Zoological  Society. 
His  other  memoirs  it  is  needless  to  cite.  A  list  of  upwards  of  70 
will  be  found  in  the  Boyal  Society's  Catalogue. 

In  the  winter  of  1873  failing  health  induced  him  to  quit  Paris 
for  the  South  of  France ;  but  in  1874  he  stall  occupied  himself 
with  his  duties  at  the  Museum,  and  with  another  great  work,  the 
4  Nomenclator  Malacozoologicus,'  which  he  was  not  destined  to 
see  published.  In  the  spring,  however,  of  1875  he  retired  to  Boran, 
near  the  spot  where  he  had  collected  the  specimens  on  which  his 
first  memoir  had  been  founded  upwards  of  50  years  previously ;  and 
there  he  peaceably  expired  on  the  9th  June  1875,  after  79  years  of 
a  life  devoted  to  science. 

Another  name  which  we  must  this  year  include  in  our  obituary 
is  that  of  Mr.  William  Jobt  Henwood,  F.R.S.,  to  whom,  at  our 
last  Anniversary  Meeting,  the  Murchison  Medal  was  presented. 
It  will  be  remembered  that,  in  consequence  of  ill  health,  he  was 
unable  to  attend  personally  to  receive  it,  and  that  it  was  conveyed 
to  him  through  our  Secretary,  Mr.  David  Forbes.  I  have  good 
grounds  for  believing  that  this  recognition  of  the  services  of  Mr. 
Hen  wood  in  the  cause  of  Geology  and  Mineralogy,  extending  over 
a  period  of  fifty  years  of  laborious  research,  was  a  source  of  great 
satisfaction  to  him,  and  afforded  him  some  solace  in  the  midst  of 
much  physical  suffering. 

He  was  born*  at  Perron  Wharf,  Cornwall,  on  the  16th  of  January, 
1805,  and  was  the  son  of  Mr.  John  Henwood,  a  member  of  an  old 
Cornish  family,  settled  at  Levalsa,  in  St.  Ewe.  His  grandfather 
appears  also  to  have  taken  an  interest  in  mining  matters,  but  un- 
fortunately one  that  entailed  considerable  loss,  as  he  became  con- 
nected with  the  first  Cornish  silver-mine,  the  "  Huel  Mexico,"  from 
which,  though  £2000  worth  of  ore  was  raised,  yet  the  cost  of  raising 
it  far  exceeded  its  value. 

His  father  was  for  several  years  a  clerk  in  the  service  of  Messrs. 
Fox  and  Co.,  of  Porron  Wharf;  and  it  was  in  their  office  that  the 

*  For  most  of  this  memoir  I  am  indebted  to  Mr.  W.  Prideaax  Courtney. 
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8011  began  life,  in  1822.  Here  he  remained  about  five  years.  During 
this  period  the  nature  of  his  employment  happily  enabled  him  to 
commence  those  investigations  into  the  metalliferous  deposits  of 
Cornwall  and  Devon  which  for  the  next  fifty  years  were  destined 
to  occupy  so  much  of  his  attention.  His  first  underground  visit 
to  a  mine  was  to  the  Wheal  Herland,  in  Gwinear,  in  1825 ;  and  in 
the  following  year  he  communicated  to  the  Boyal  Geological  Society 
of  Cornwall  his  first  paper,  being  one  "  On  a  singular  Extrication 
of  Gas  in  the  Union  Mines."  For  the  next  thirty  years  his  pen 
was  constantly  active,  a  list  of  no  less  than  fifty-five  of  his  papers 
appearing  in  the  Boyal  Society's  Catalogue,  and  a  still  longer  list 
in  the  'Bibliotheca  Cornubiensis.' 

In  1828  he  was  elected  a  Fellow  of  this  Society,  and  he  printed 
at  Truro  some  "  Observations  on  the  performance  of  a  Steam-engine 
recently  erected  at  Huel  Towan,"  which  was  reprinted,  though 
anonymously,  in  the  *  Edinburgh  Journal  of  Science,'  to  which,  as 
well  as  to  other  scientific  periodicals,  he  was  subsequently  a  frequent 
contributor. 

In  1832  Mr.  Henwood  was  appointed  to  the  office  of  Assay-master 
and  Supervisor  of  Tin  in  the  Duchy  of  Cornwall,  an  office  which  he 
held  until  the  coinage-duties  were  abolished  in  1838,  when  he 
retired  on  a  pension. 

In  1832,  he  furnished  this  Society  with  notes  "  On  some  inter- 
sections of  mineral  veins  in  Cornwall."  In  1837  he  communicated 
to  the  Institution  of  Civil  Engineers  a  paper  "  On  the  Expansive 
Action  of  Steam  in  some  of  the  pumping-engines  in  the  Cornish 
Mines,"  for  which  he  was  awarded  a  Telford  Medal.  In  Feb- 
ruary 1840  he  was  elected  a  Fellow  of  the  Boyal  Society,  to  which 
he  communicated  some  experiments  on  the  electric  conditions  of 
the  rocks  and  metalliferous  veins  (lodes)  of  Longclose  and  Bose- 
wall-Hill  Mines  in  Cornwall. 

In  1841  he  communicated  to  this  Society  "  A  brief  note  to 
accompany  a  series  of  specimens  from  Lockport,  near  Niagara,  in 
the  State  of  New  York/'  and  "  Notes  to  accompany  a  series  of 
specimens  from  Chaleur  Bay  and  the  river  Bistigouche,  in  New 
Brunswick." 

In  1843  he  left  this  country  in  order  to  take  charge  of  the 
GoDgo-Soco  Mines  in  Brazil,  where  he  devoted  much  attention  to 
the  amelioration  of  the  condition  of  the  slaves  by  whom  the  mines 
were  worked.  Some  account  of  the  means  which  he  adopted  was 
published  by  him  at  Penzance  in  1864. 
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From  Brazil  he  proceeded  to  India,  where  in  1855  he  drew  up 
for  the  Indian  Government  a  report  on  the  metalliferous  deposits 
of  Kumaon  and  Gurhwal,  which  was  published  in  the  'Indian 
Government  Becords,'  and  in  the  '  Edinburgh  New  Philosophical 
Journal."  A  second  report  on  some  iron  formations  in  Bengal 
still  slumbers  in  manuscript. 

In  1858,  with  impaired  health,  he  retired  from  active  labour, 
and  spent  the  remainder  of  his  life  among  his  friends  at  Penance. 

His  most  important  memoirs,  "  On  the  Metalliferous  Deposits  of 
Cornwall  and  Devon,  with  observations  on  subterranean  temper- 
ature," "  On  the  quantities  of  water  which  enter  the  mines,"  and  "On 
the  electric  currents  observed  in  the  rocks  and  veins,"  together 
with  a  large  amount  of  statistical  observations,  had  been  published 
by  the  Boyal  Geological  Society  of  Cornwall  in  1843,  and  had 
constituted  the  fifth  volume  of  its  transactions. 

The  history  of  how  this  work  was  completed  is  highly  creditable 
to  all  concerned.  Mr.  Henwood  had  hardly  entered  the  service  of 
Messrs.  Pox  before  he  commenced  the  study  of  the  metalliferous 
deposits  of  Cornwall  and  Devon ;  and  for  some  time  he  was  com- 
pelled to  restrict  his  investigations  to  a  limited  district.  In  1828, 
however,  his  employers  enabled  him  to  prosecute  his  researches 
over  a  larger  area  and  with  greater  activity.  As  his  own  pecuniary 
resources  were  not  sufficient,  the  gentry  of  the  county  subscribed 
a  sum  of  about  £200  to  aid  Mr.  Henwood  in  carrying  out  his  self- 
imposed  task,  while  the  Society  undertook  the  publication  of  the 
results  of  his  valuable  labours. 

Before  leaving  this  country  his  researches  had  been  mainly  con- 
fined to  Cornwall ;  but  by  his  visit  to  Brazil  and  India  Mr.  Henwood 
had  been  enabled  to  prosecute  his  studies  over  a  more  extensive  field 
of  observation;  and  on  his  return  to  England  in  1858,  his  mind  was 
enriched  with  information  which  he  had  acquired  in  every  part  of 
the  world  devoted  to  mining  operations.  His  second  volume  on 
metalliferous  deposits,  published,  like  its  predecessor,  by  the  Boyal 
Geological  Society  of  Cornwall,  was  so  far  widened  as  to  com- 
prehend observations  on  iron,  copper,  silver,  and  other  metals  dis- 
covered in  the  East  and  West  Indies,  North  and  South  America, 
and  the  whole  of  Europe.  The  publication  of  these  volumes  was 
eagerly  welcomed  by  the  geological  students  of  the  Continent,  as 
well  as  of  our  own  country ;  and  it  was  a  constant  source  of  con- 
gratulation to  the  unwearied  author  that  he  had  lived  to  see  the 
successful  completion  of  his  toils. 
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The  pages  of  the  Journal  of  the  Boyal  Institution  of  Cornwall 
had  been  for  many  years  open  to  his  contributions ;  and  in  1870 
fte  members  of  that  body  showed  their  appreciation  of  his  labours 
by  electing  him  to  the  Presidential  Chair.     Although  at  this  date 
he  was  much  enfeebled  in  health,  he  discharged  the  duties  of  his 
office  with  untiring  vigour,  and  presented  to  the  Society  several 
addresses,  compiled  with  the  greatest  care  and  attention,  on  sub- 
jects which  had  occupied  his  thoughts  for  many  years.     The  portion 
of  his  Address  in  1871  which  related  to  metalliferous  deposits  was 
reprinted  by  the  Miners'  Association  of  Cornwall  and  Devon,  and 
afterwards  translated  into  French  and  published  in  the  *  Annales 
des  Mines/    A  paper  which  he  contributed  to  the  same  Society  in 
1874,  on  the  Detrital  Tin-ore  of  Cornwall,  was  also  published  in 
Prance  entire,  in  the  *  Annales  des  Mines/  and  extracts  from  it  in 
a  separate  form  by  M.  Zeiller. 

Of  the  award  of  the  Murchison  Medal  to  Mr.  Henwood,  in  re- 
cognition of  his  long-continued  and  valuable  researches,  I  have 
already  spoken.  It  only  remains  to  add  that  he  was  never  married, 
and  that  his  death,  which  was  sudden  though  not  unexpected,  took 
place  at  Penzance  on  the  5th  of  August  last. 

By  the  death  of  Mr.  William  Sandebs,  F.R.S.,  on  the  12th  of 
November,  1875,  the  Society  has  lost  another  of  its  early  members, 
and  one  who  for  upwards  of  forty  years  of  his  life  was  intimately 
associated  with  the  most  distinguished  men  connected  with  geological 
science. 

Mr.  Sanders,  who  was  born  on  the  12th  of  January,  1799,  was 
a  native  of  Bristol ;  and  to  the  study  of  the  geology  of  the  neigh- 
bouring country  he  devoted  his  life. 

At  the  commencement  of  his  scientific  career  he  was  the  friend 
and  companion  of  Prof.  Phillips  in  his  Geological  Survey  of  North 
Devon  and  Cornwall.  But  his  principal  work  was  the  preparation 
and  construction  of  an  elaborate  geological  map  of  the  district 
comprised  within  the  Gloucestershire  and  Somersetshire  Coal-field, 
on  the  scale  of  four  inches  to  the  mile.  This  work,  which  extended 
over  fifteen  years,  was  undertaken  at  the  instigation  of  Sir  Henry 
De  la  Beche  and  Prof.  Phillips.  Besides  this  map,  he  published 
some  measured  sections  of  the  extensive  cuttings  on  the  Bristol 
and  Exeter  Bailway,  and  on  the  line  from  Bristol  to  Bath.  On 
these  sections,  which  were  drawn  to  scale,  every  detail,  however 
minute,  that  was  of  any  Physical  or  Palceontological  importance,  is 
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accurately  delineated ;  and  their  yalue  remains  undiminished  eren 
after  the  lapse  of  35  years. 

Mr.  Sanders,  by  his  intimate  knowledge  of  the  Mendip  area,  was 
able  to  render  valuable  assistance  to  his  native  town  in  connexion 
with  its  water-supply,  and]  also  during  the  survey  of  the  city  with 
reference  to  its  sanitary  condition.  He  was  also  for  upwards 
of  thirty  years  the  Honorary  Secretary  to  the  Museum  of  Natural 
History  attached  to  the  Philosophical  Society  and  Institution  of 
Bristol,  and  spared  neither  time,  trouble,  nor  expense  in  carrying 
out  its  legitimate  objects.  Those  who  visited  Bristol  at  the  last 
meeting  of  the  British  Association  will  remember  the  just  pride 
which  he  took  in  the  geological  collections  in  the  Museum.  Mr. 
Sanders  was  also  an  ardent  student  of  Mineralogy  and  well  versed 
in  Crystallography. 

He  became  a  Fellow  of  this  Society  in  1839,  and  of  the  Boyal 
Society  in  1864.  Several  papers  on  geological  subjects  were  read 
by  him  before  the  British  Association  between  the  years  1840  and 
1849 ;  but  during  his  36  years  of  Fellowship  Mr.  Sanders  did  not 
communicate  any  memoir  to  this  Society. 

The  Venerable  Archdeacon  W.  Edwabd  Hont  was  elected  into 
this  Society  no  less  than  sixty-three  years  ago,  in  the  year  1813, 
his  certificate  being  signed  by  G.  B.  Greenough,  H.  D.  Conybeare, 
H.  Grey  Bennett,  and  W.  Bashleigh.  He  was  at  that  time  a 
Fellow  of  Exeter  College,  Oxford ;  and  six  years  later  we  find  his 
name  among  the  proposers  of  Sir  Charles  Lyell,  who,  it  will  be 
remembered,  was  also  of  the  same  college.  The  only  scientific 
paper  of  which  he  appears  to  have  been  the  author,  consisted  of 
"  Geological  Bemarks  on  the  vicinity  of  Maestricht,"  communicated 
to  this  Society  1814,  and  published  in  our  Transactions. 

The  Bight  Hon.  Sir  Edwabd  Btajt,  F.B.S.,  was  a  Fellow  of 
this  Society  for  a  period  of  nearly  thirty  years,  having  been 
elected  in  1846.  Though  he  never  communicated  any  paper  to  our 
publications,  he  took  a  warm  interest  in  the  progress  of  Geology, 
as  well  as  in  that  of  other  sciences.  He  was  born  in  the  year 
1793,  and  having  taken  his  degree  at  Cambridge  in  1814,  was 
called  to  the  bar  in  1817.  In  1826  he  received  the  appointment 
of  Puisne  Judge  of  the  Supreme  Court  of  Calcutta,  and  in  1833 
that  of  Chief  Justice  of  the  Presidency,  which  he  held  until  1843, 
when  -he  returned  to  England.     His  resignation  of  the  Chief 
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Justiceship  did  not,  however,  involve  his  retirement  from  public 
life ;  for,  within  a  short  time  of  his  arrival  in  England,  he  became 
a  member  of  the  Judicial  Committee  of  the  Privy  Council,  a  Kail- 
way  Commissioner,  and  Assistant  Comptroller  of  the  Exchequer. 
In  1855  he  became  a  member  of  the  first  Board  of  Gvil-Service 
Commissioners,  of  which  body  he  was  for  many  years  the  guiding 
spirit.  He  was  also  one  of  the  Vice-Chancellors  of  the  University 
of  London,  in  the  welfare  of  which  he  took  the  warmest  interest. 
His  death  took  place  on  the  22nd  of  August  last,  after  a  short 
illness,  and  within  six  months  of  the  time  when  he  followed  the 
remains  of  his  old  and  attached  friend  Sir  Charles  Lyell  to  their 
resting-place  in  Westminster  Abbey. 

Colonel  R.  Baibd  Smith,  C.B.,  of  the  Bengal  Engineers,  was 
elected  a  Fellow  of  this  Society  in  1845,  having  already,  in  1842, 
communicated  a  memoir  to  our  Proceedings,  "  On  the  Structure  of 
the  Delta  of  the  Ganges,  exhibited  by  the  boring-operations  in  Fort 
William,  183&-40."  His  other  geological  papers,  "On  the  crystal- 
line structure  of  the  Trap  Dykes  of  the  Sienite  of  Amboor,  with  an 
inquiry  into  the  causes  to  which  this  peculiarity  of  certain  igneous 
rocks  is  due,"  "Notes  illustrative  of  the  Geology  of  Southern 
India,"  "  Economic  Geology,"  and  various  memoirs  on  earthquakes, 
are  published  in  the '  Madras  Journal,'  the  '  Journal  of  the  Asiatic 
Society  of  Bengal,'  and  the  4  Calcutta  Journal  of  Natural  History .\ 

Mr.  T.  G.  B.  Lloyd,  who  was,  until  quite  recently,  a  frequent 
attendant  at  our  meetings,  and  who  was  well  known  to,  and  greatly 
esteemed  by  many  of  our  Fellows,  died  on  the  3rd  of  the  present 
month.  Mr.  Lloyd  was  the  eldest  son  of  Dr.  Lloyd,  of  Bir- 
mingham, a  very  old  Fellow  of  this  Society,  and  was  born  on  the 
15th  August,  1829.  He  adopted  the  profession  of  a  Civil  Engineer, 
and  was  engaged  in  railway  construction  and  surveying  in  Spain 
and  in  the  United  States  and  Canada.  During  the  last  three 
years  of  his  life  he  was  occupied  in  surveying  lands  in  Newfound- 
land, in  search  of  mineral  property ;  and  his  companion  in  two  of 
these  expeditions,  Mr.  John  Milne,  F.G.S.,  communicated  to  this 
Society  the  geological  results  of  their  joint  investigations.  Mr. 
Lloyd's  own  contributions  to  our  Proceedings  consist  of  a  valuable 
paper  "  On  the  superficial  Deposits  of  portions  of  the  Avon  and 
Severn  Valleys  and  adjoining  districts,"  published  in  the  Journal 
for  1870,  and  some  "Geological  notes  from  the  State  of  New 
York,"  an  abstract  of  which  was  passing  through  the  press  at  the 
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time  of  his  death.  During  his  visits  to  Newfoundland  Mr.  Lloyd 
took  great  interest  in  the  investigation  of  the  scanty  documents 
and  traditions  relating  to  the  extinct  Beothucs,  or  Bed  TndiAna  of 
that  island,  and  of  the  few  material  traces  of  their  existence  still 
extant;  and  upon  these  researches  he  founded  three  very  interesting 
papers  which  were  communicated  to  the  Anthropological  Institute 
and  published  in  their  Proceedings.  He  had  also  made  considerable 
progress  in  an  investigation  of  the  characters  of  recent  and  fossil 
beavers ;  but  his  materials  upon  this  subject  are  left  in  an  in- 
complete state.    He  became  a  Fellow  of  this  Society  in  1864. 

Mr.  Nathaniel  Plant,  F.B.G.S.,  was  born  at  Leicester  in 
1832.     After  leaving  school,  his  taste  for  natural  history  led  to  his 
appointment  as  Curator  to  the  Museum  of  the  Philosophical  and 
Literary  Society  in  that  town,  which  office  he  held  about  five  years. 
Desiring,  however,  to  learn  something  more  of  the  great  world  of 
nature  than  could  be  found  in  a  provincial  museum,  he  went  abroad 
in  the  year  1851,  to  Bio  Grande  do  Sul,  Brazil,  and  for  fifteen 
years  was  actively  engaged  in  collecting  specimens  of  natural 
history,  and  in  mining  and  geological  explorations,  during  which 
time  he  discovered  the  existence  of  valuable  minerals,  ores,  and  coal 
in  that  part  of  Brazil.     The  President  of  Bio  Grande  do  Sul  pro- 
cured for  him  an  official  appointment  to  draw  up  reports  upon  the 
mineral  resources  of  the  province,  which  were  published  in  the  Bio- 
Grande  papers.     They  include  descriptions  of  porphyries,  copper, 
ironstone,  petroleum-shale,  and  coal.    He  completed  a  report  upon 
the  great  coal-deposit  at  Candiota.    Prof.  Agassiz,  when  at  Bio- 
de  Janeiro,  examined  the  fossils  obtained  from  this  coal-basin,  and 
determined  their  similarity  to  those  of  Cape  Breton ;  an  account  of 
these  coals  and  fossils  is  published  in  our  Journal.     On  his  return 
to  England  in  1867,  he  was  elected  a  Fellow  of  this  Society,  and 
became  occupied  with  a  futile  endeavour  to  make  the  coal-deposits 
of  service  to  the  mercantile  commerce  of  Brazil.     He  died  in 
London  in  August  1875,  at  the  age  of  43. 

Mr.  Mabcus  Watson  Tate  Scott,  who  was  elected  a  Fellow  of 
this  Society  in  1852,  was  born  at  Belford  in  Northumberland,  in 
September  1814.  When  eighteen  years  of  age  he  removed  to  New- 
castle-on-Tyne,  where  he  entered  the  offices  of  Mr.  Sopwith  to 
learn  the  profession  of  a  Mining  Engineer  and  Surveyor,  which  he 
practised  for  several  years  in  Newcastle.  In  1845  he  came  to 
London,  continuing  in  the  active  exercise  of  his  profession  until 
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his  death,  which  took  place  when  engaged  in  mining  business  in 
Shropshire,  on  April  6, 1875. 

He  was  remarkable  for  extreme  accuracy  in  whatever  he  under- 
took ;  his  strict  integrity  gained  him  confidence  and  esteem  ;  and 
his  private  character  was  of  great  amiability.  He  frequently  at- 
tended the  Meetings  of  the  Society;  and  a  communication  made 
by  him  in  May  1861,  "  On  the  « Symon  Fault  *  in  the  Coalbrook- 
Dale  Coalfield  "  (see  Quart.  Journ.  Geol.  Soc.  vol.  xvii.),  shows  how 
carefully  he  applied  his  geological  knowledge  to  practical  mining. 

Mr.  Jambs  Middletok,  formerly  Principal  of  the  College  at 
Agra,  who  was  elected  a  Fellow  of  this  Society  in  1844,  died  in 
the  early  part  of  last  year.  His  activity  lay  principally  in  the  di- 
rection of  chemistry;  and  his  chief  researches  related  to  the  pre- 
sence of  fluoride  of  calcium  in  bones  both  recent  and  fossil.  Upon 
this  subject  he  communicated  papers  to  the  Chemical  Society  and 
to  the  *  Philosophical  Magazine '  in  1843  and  1844 ;  and  his  sole 
contribution  to  the  publications  of  this  Society,  which  was  read  in 
the  latter  year,  is  "On  Fluorine  in  Bones,  its  Source  and  its 
application  to  the  determination  of  the  Geological  Age  of  Fossil 
Bones."  In  this  paper  he  gave  the  analysis  of  certain  fossil  bones 
and  of  the  bone  of  a  Greek,  the  age  of  which  could  be  fixed  at  about 
2000  years,  and  showed  that  the  amount  of  fluoride  of  calcium 
contained  in  them  increased  with  their  antiquity,  being  probably 
derived  from  water  in  contact  with  the  bones.  From  this  he  in- 
ferred the  age  of  the  Sewalik  fossils  to  be  about  7700  years,  and 
that  of  an  AnoplotTierium  about  24,200  years.  Mr.  Middleton 
further  communicated  a  paper  "  On  the  Specific  Gravity  of  Sea- 
water  "  to  the  Asiatic  Society  of  Bengal,  of  which  he  was  a  member, 
and  an  analysis  of  a  cobalt  ore  from  Western  India  to  the  Chemical 
Society. 

Mr.  Frederick  Erasmus  Edwards  must  receive  some  mention  at 
my  hands  in  this  catalogue  of  our  losses  during  the  past  year,  al- 
though he  had  retired  from  the  Society  for  some  time  before  his 
death,  which  occurred  on  the  15th  October  last.  Mr.  Edwards, 
who  was  born  on  the  1st  October  1799,  was  one  of  the  founders  of 
the  old  "  London-Clay  dub/'  from  which  the  "  Palaeontographical 
Society  "  originated ;  and  to  the  memoirs  published  by  the  latter  he 
contributed  those  valuable  monographs  on  the  Eocene  Mollusca  which 
are  so  well  known  to  geologists.    The  publication  of  these  corn- 
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menoed  in  1848,  and  terminated  in  1858.  Mr.  Edwards  also  com- 
municated papers  on  fossil  Eocene  Molluscs  to  the  *  London  Geologi- 
cal Magazine/  the  *  Geologist,'  and  the  '  Geological  Magazine,'  but 
never  contributed  any  thing  to  our  *  Proceedings.9  He  became  a 
Fellow  of  this  Society  in  1836,  and  resigned  his  Fellowship  in  1841 ; 
joined  us  again  in  1861,  and  finally  withdrew  in  1871.  His  large 
collections  have  been  secured  for  the  British  Museum. 

There  is  yet  another  geological  veteran  of  whose  loss  some  notice 
ought  to  be  taken,  though  at  the  time  of  his  decease  he  had  retired 
from  this  Society.  I  mean  Mr.  Nathaniel  Thomas  Wethxbell, 
who  was  well  known  to  many  of  our  body,  and  who,  on  more  than 
one  occasion,  contributed  papers  to  our  Proceedings.  He  was  a 
Member  of  the  old  "  London-Clay  Club,"  and  devoted  particular 
attention  to  the  fossils  of  the  London  Clay,  especially  to  those 
found  to  the  north  of  London,  and  also  to  the  fossils  of  the  Glacial 
Drift  deposits  of  Finchley  and  MusweQ  Hill.  The  collection  he 
formed  from  the  latter  localities  is  now  in  the  Jermyn-Street 
Museum,  while  the  greater  part  of  his  extensive  collection  from  the 
London  Clay  has  been  secured  for  the  British  Museum. 

The  papers  he  communicated  to  this  Society  were : — "  Observa- 
tions on  the  London  Clay  of  Highgate  Archway/*  1832 ;  u  On  an 
Ophiura  found  at  Child's  Hill,  to  the  north-west  of  Hampstead,9 
1833 ;  "  Observations  on  a  Well  dug  on  the  south  side  of  Hamp- 
stead Heath,"  1834;  "A  notice  of  some  undescribed  Organic 
Bemains  which  have  been  recently  discovered  in  the  London  Clay 
Formation,"  1839 ;  "  On  a  species  of  the  genus  Buixmus  occurring 
in  the  London  Clay  of  Primrose  Hill,"  1846 ;  and  u  On  the  occur- 
ence of  Qraphularia  WeihereUti  in  nodules  from  the  London  Clay 
and  the  Crag,"  1868. 

In  addition  to  these,  Mr.  Wetherell  furnished  numerous  papers 
to  the  '  Magazine  of  Natural  History,'  the  '  Philosophical  Magazine/ 
the  '  Geologist,'  the  '  Geological  Magazine,'  and  to  the  Proceedings 
of  the  Geologists'  Association.  They  relate  for  the  most  part  to 
discoveries  in  his  favourite  formation,  the  London  Clay,  though 
occasionally  his  investigations  went  as  low  as  the  Chalk  and  the 
Greensand. 

He  died  at  his  residence  at  Highgate,  where  he  was  in  the  practice 
of  the  medical  profession,  on  December  22,  1875. 
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At  our  last  Anniversary,  when  I  had  the  honour  of  addressing  you 
from  this  Chair,  we  had  but  recently  been  installed  in  these  apart- 
ments, and  I  took  ooeasion  to  institute  some  comparisons  between 
the  condition  of  our  Society  at  that  time  and  its  position  some 
forty-six  years  previously,  when  first  it  removed  to  Somerset  House. 
My  retrospect  must  to-day  be  confined  to  the  past  year,  during 
which,  as  you  have  already  heard,  we  have  lost  so  many  and  such 
valued  Members ;  and  I  shall,  in  the  few  remarks  which  it  is  my 
duty  to  address  to  you,  direct  your  attention  to  the  present  and  the 
future  rather  than  to  the  past :  and  first  I  would  speak  as  to  the 
main  objects  which  it  appears  to  me  that  this  Society  ought  to  have 
in  view,  and  the  means  at  its  command  for  attaining  them. 

We  constitute,  in  the  words  of  our  Charter,  "  a  Society  for  inves- 
tigating the  Mineral  Structure  of  the  Earth ;"  and  oertainly,  if  we 
compare  the  present  state  of  Geological  science  with  that  of  the  year 
1825,  when  our  Charter  was  granted,  and  consider  the  proportion  of 
the  advance  in  knowledge  which  during  the  last  fifty  years  has  been 
due  to  the  labours  of  Fellows  of  this  Society,  it  must  be  conceded 
that  its  existence  has  not  been  in  vain.  This  very  advance  in  know- 
ledge, however,  in  some  measure  appears  to  have  a  deterrent  effect 
upon  those  who  are  entering  upon  Geological  pursuits.  The  field  is  so 
great,  and  has  been  so  laboriously  worked,  that  it  seems  impossible 
for  any  one  mind  to  grasp  its  whole  extent ;  and  it  is  not  every  one 
who  can  content  himself  with  limiting  his  researches  to  some  single 
special  department.  There  appear,  moreover,  to  be  no  longer  any  of 
those  grand  discoveries  to  be  made  which  gladdened  the  heart  of  many 
of  our  earlier  Geologists,  and  returned  them  so  ample  a  reward  for 
their  labours.  And,  further,  the  recognition  by  the  State  of  the 
importance  of  Geology  in  connexion  with  the  material  prosperity  of 
the  country  has  called  into  existence  a  body  of  trained  Geologists, 
who  are  devoting  their  entire  life  and  energies  to  the  subject,  and 
with  whose  knowledge  and  experience  it  appears  to  the  amateur, 
when  first  beginning  his  studies,  that  it  will  ever  be  utterly  impos- 
sible to  compete.  In  all  this  there  is,  no  doubt,  a  certain  amount 
of  truth ;  but  practically  these  objections  will  be  found  but  of  little 
weight ;  for  experience  has  shown,  and  I  trust  will  long  continue 
to  show,  that  the  difficulties  which  so  forcibly  present  themselves  to 
the  mind  of  the  beginner  are  for  the  most  part  apparent  rather 
than  real,  and,  where  real,  are  by  no  means  insurmountable.  We 
find  as  a  fact  that  great  discoveries  in  Geology  are  still  being  made, 
and  that  there  is  ample  room  in  the  field  for  those  to  whom  the 
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scienoe  is  of  the  nature  of  a  relaxation  for  leisure  hours,  as  well  u 
for  those  whose  lot  it  is  to  regard  it  more  as  a  professional  pursuit 
There  is,  moreover,  no  real  competition  between  the  two  classes  of 
investigators ;  and  while  those  who  have  had  the  greater  scientific 
and  professional  training  are  in  all  cases  ready  to  lend  a  helping 
hand  to  the  amateur  Geologist,  there  are  none  more  willing  to  ac- 
knowledge the  value  and  importance  of  the  corps  of  volunteer! 
from  whose  local  or  general  knowledge  they  have  so  often  derired 
benefit,  and  whose  labours  have  so  frequently  and  materially  less- 
ened their  own.  It  is  not,  of  course,  to  those  among  us  who  have 
for  years  been  Fellows  of  our  Society,  and  to  whom  so  much 
honour  is  due  for  their  researches,  that  any  such  remarks  as  these 
are  directed.  It  is  rather  to  those  who  in  such  large  numbers  have 
lately  joined  our  body,  and  to  those  who  are  still  doubtful  as  to  the 
advantage  of  doing  so,  that  I  address  myself ;  and  I  do  so  in  the 
hope  of  encouraging  them  to  persevere  in  their  study  of  our  subject, 
and  of  inducing  some  of  them,  at  all  events,  to  join  in  the  number  of 
those  who  contribute  memoirs  to  our  Proceedings. 

The  Society  is  much  to  be  congratulated  on  the  large  accession  to 
its  numbers  which  has  of  late  years  taken  place;  for  one  of  our  main 
objects  ought  ever  to  be  to  foster  and  perpetuate  the  taste  for  Geology 
throughout  the  country,  and  to  facilitate  the  entry  of  all  deserving  stu- 
dents into  our  body.  Young  Geologists  must  not,  however,  expect  that 
it  lies  within  the  provinoe  of  the  Society  directly  to  impart  elementary 
knowledge.  Our  meetings  are  held  for  the  purpose  of  having  new 
facts,  or  new  views  of  the  bearing  of  admitted  facts,  or  correction! 
of  important  errors,  brought  before  us  for  discussion,  and  not  for  mere 
elementary  instruction,  though  many  of  us  could  probably  testify  as  to 
how  much  may  be  incidentally  learned  through  a  constant  attend- 
ance at  our  meetings.  Another  great  advantage  our  Society  affords 
is  that  of  enabling  those  who  are  interested  in  the  same  pursuit 
to  meet  together  at  stated  intervals,  and  to  form  acquaintance  with 
each  other.  There  is,  I  believe,  no  better  means  of  advancing  the 
interests  of  a  science  than  that  friendly  intercourse  between  its 
followers  which,  I  venture  to  say,  is  one  of  the  most  excellent  cha- 
racteristics of  this  Society.  Another  of  the  means  at  our  command 
is  the  possession  of  a  well-stored  Library,  the  contents  of  which  are 
accessible  to  all  our  Members,  and  the  due  sustentation  of  which 
appears  to  me  by  no  means  the  least  important  of  our  functions. 
We  possess  at  the  present  time  about  10,000  volumes,  and  are 
yearly  adding  about  300  to  tho  number,  either  as  presents,  or  by 
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means  of  exchange  of  our  own  publications,  or  by  purchase.  It  is 
here  that  the  beginner  will  find  accumulated  stores  of  knowledge  for 
his  assistance ;  while,  should  those  of  more  experience  point  out  defi- 
ciencies on  our  shelves,  there  can  be  but  few  ways  in  which  the  funds 
of  the  Society  could  be  better  employed  than  in  making  them  good. 

Our  Museum  *  is  intended  rather  for  a  repository  of  specimens 
illustrative  of  papers  read  before  the  Society  and  of  foreign  Geology 
than  for  the  general  purposes  of  a  Geological  Museum.  The  pro- 
pinquity of  the  British  collections  in  the  Jermyn-Street  Museum, 
and  the  collections  so  readily  accessible  in  the  British  Museum, 
render  the  existenoe  of  a  third  Museum  of  the  same  character 
unnecessary.  There  are,  however,  in  our  cabinets  many  specimens 
of  interest  in  connexion  with  the  history  of  Geology ;  as,  for  instance, 
the  fossils  figured  and  described  in  '  Siluria,'  and  in  some  of  Sir 
Roderick  Murohison's  other  writings,  and  specimens  illustrative  of 
classical  memoirs  by  Webster,  Fitton,  Buckland,  Mantell,  and 
others.  We  have  also  more  than  one  collection  of  typical  specimens. 
The  way  in  which  our  Museum  may  be  made  of  most  service  in  ad- 
vancing our  science  will  be  by  our  Fellows  enriching  it  with  foreign 
specimens,  and  thus  rendering  it  more  complete  in  a  department 
which  is  beside  the  purpose  of  one  of  our  national  museums,  and 
which,  so  far  as  geographical  arrangement  is  conoerned,  is  of  secon- 
dary importance  in  the  other. 

For  the  advancement  of  knowledge,  however,  our  publications 
must  take  the  first  place ;  and  the  reputation  which  our  Quarterly 
Journal  bears  abroad  affords  good  evidence  of  its  value.  To  per- 
petuate its  high  character,  not  only  must  a  judicious  selection  be 
made  from  the  papers  submitted  to  the  Society,  but  illustrations 
must  be  provided  with  no  niggardly  hand.  With  regard  to  the 
former  point,  it  will  be  well  for  Fellows  to  bear  in  mind  that  many 
communications  of  great  local  value  may  not  be  of  sufficient  general 
interest  to  render  their  publication  in  extenso  desirable,  and  that 
purely  speculative  questions,  however  well  adapted  to  raise  an  in- 
teresting discussion,  are,  like  those  relating  to  merely  elementary 
matters,  hardly  within  the  scope  of  the  Society's  Journal.  For 
questions  of  temporary  interest  the  pages  of  the  Geological  Maga- 
zine and  other  scientific  serials  are  always  open ;  while  the  excel- 
lent publications  of  the  Palffiontographical  Society  relieve  us  of  a 
duty  which  we  might  find  some  difficulty  in  fulfilling. 

*  For  an  interesting  notice  of  the  Museum  of  the  Society,  see  'Nature,'  Jan. 
20,  1876. 
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As  stimulants  and  rewards  to  those  who  are  engaged  in  investi- 
gating  the  mineral  structure  of  the  earth,  the  medals  and  funds 
which  our  former  chiefs,  Wollaston,  Murchison,  and  Lyell,  have  left 
at  our  disposal,  and  that  which  our  venerable  member  Br.  Bigsby 
has  just  founded,  are  of  the  highest  value.  While  the  medals  are 
justly  regarded  as  among  the  greatest  honours  to  which  a  geologist 
can  aspire,  the  Donation  Funds  may,  and,  I  hope,  generally  do 
combine  a  complimentary  appreciation  of  a  fellow-worker's  labours, 
with  a  not  unwelcome  aid  in  prosecuting  them. 

We  have,  then,  at  our  command  much  that  will  forward  the  in- 
terests of  our  science ;  but  what  are  its  present  prospects  ?  what  if 
being  done  in  its  behalf  ?  in  what  manner  are  recent  discoveries  in 
other  branches  of  knowledge  likely  to  affect  it?  and  in  what  direc- 
tion are  future  discoveries  likely  to  be  made,  and  the  conclusions 
modified  which  are  at  the  present  time  generally  accepted? 

He  would  be  a  bold  man  indeed  who  would  venture  to  answer 
these  latter  questions  with  any  degree  of  assurance;  and  yet,  in 
considering  what  is  going  on  around  us,  we  cannot  altogether  re- 
frain from  some  prognostications  of  the  future.  Looking,  for  in- 
stance, at  those  researches  into  Solar  Physics  which  the  marvellous 
powers  of  spectrum  analysis  and  solar  photography  have  rendered 
possible,  and  with  which  the  names  of  Mr.  Norman  Lockycr  and 
Mr.  Warren  De  la  Rue  are  so  intimately  associated,  who  cannot  bat 
feel  that  they  have  a  close  and  intimate  bearing  upon  the  early 
history  of  the  earth  ?  Prof.  Preetwich,  in  his  Inaugural  Lecture 
at  Oxford  on  the  Past  and  Future  of  Geology,  has,  with  the  aid 
of  Mr.  Lockyer,  discussed  this  subject  at  some  length,  I  need, 
therefore,  but  briefly  state  one  or  two  of  the  principal  points  referred 
to,  and  call  attention  to  the  inferences  which  they  suggest.  In  the 
first  place,  the  resemblance  in  the  constitution  of  the  sun  and  of  the 
earth  is  such  as  to  support  the  view  that,  in  the  main,  they  consist  of 
the  same  elements.  Out  of  the  sixty-four  terrestrial  elements,  twenty 
have  been  traced  in  those  parts  of  the  solar  atmosphere  which  are 
known  as  the  *  chromosphere '  and  the  reversing  layer.  Nor,  with 
possibly  two  exceptions,  does  the  spectroscope  afford  any  indication 
of  unknown  elements. 

But,  in  the  next  place,  throughout  the  solar  atmosphere,  which  is 
of  enormous  height,  and  consists  of  hydrogen  and  of  metallic  elements 
in  a  gaseous  state,  there  is  a  tendency  for  the  various  vapours  to 
arrange  themselves  in  layers  in  an  order  which  Mr.  Lockyer  finds  to 
correspond  with  the  old  atomic  or  combining  weights,  and  not  with 
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the  new.  He  has  found  reason  to  suppose  that  tho  metalloids  or 
non-metallic  elements  are,  as  a  group,  placed  outside  the  metallic 
atmosphere  of  the  sun ;  while  tho  metals  of  the  tungsten,  antimony, 
silver,  and  gold  classes,  have  not  as  yet  been  traced.  His  sugges- 
tion with  regard  to  the  probable  structure  of  the  crust  and  nucleus  of 
the  earth  is,  that  owing  to  the  localization  of  the  elements  as  before 
mentioned,  they  would,  on  cooling,  occupy  to  a  great  extent  tho  same 
relative  positions  as  they  did  when  in  the  gaseous  state.  We  should 
thus  find  oxygen,  silicon,  and  other  metalloids,  which  once  formed 
an  outer  atmosphere,  combined  mainly  with  the  higher  metals  to 
form  a  crust ;  lower  down  would  be  iron  and  its  associated  group 
of  metals ;  and,  finally,  an  inner  nucleus,  containing  the  other  and 
denser  metals,  not  attacked  by  any  metalloid,  because  tho  higher 
metals  had  already  had  the  opportunity  of  combining  with  them. 
Prof,  Prestwich  considers  that  the  relations  of  the  two  great 
classes  of  fundamental  igneous  rocks  which  underlie  tho  sedimentary 
strata,  and  which  formed  originally  the  outer  layers  of  the  crust, 
afford  evidence  of  the  correctness  of  this  hypothesis.  If,  as  appears 
to  be  the  case,  there  exists  an  upper  layer  of  granite  and  other 
Plutonic  rocks  rich  in  silica,  with  a  moderate  proportion  of  alumina, 
and  poor  in  iron  and  magnesia,  and  a  second  layer  consisting  of  a 
lower  mass  of  basaltic  and  volcanic  rocks  of  greater  specific  gravity, 
with  silica  in  smaller  proportions,  alumina  in  equal,  and  iron,  lime, 
and  magnesia  in  much  larger  proportions — if  in  the  lower  layer 
these  elements  are  mixed  with  a  greater  variety  of  others,  as  occa- 
sional constituents,  than  are  found  in  the  upper  layer — and  if  tho 
denser  metals  are  found  in  much  larger  proportion  in  the  more 
central  portion  of  the  nucleus  than  in  the  outer  crust,  all  these 
phenomena  would  be  in  accordance  with  such  an  origin.  If  such 
a  view  of  the  origin  of  the  crust  of  the  earth  were  accepted,  it  would 
materially  strengthen  the  assumption  that  the  fluidity  of  those  vol- 
canic rocks,  which  still  from  time  to  time  are  ejected  upon  the  sur- 
face of  the  earth,  is  not  due  to  any  recent  chemical  or  mechanical 
cause,  but  may  rather  be  traced  to  their  original  heat  at  the  time 
of  their  passing  from  the  gaseous  state.  If,  however,  matter  still 
retaining  its  original  fluidity  exists  in  the  manner  here  supposed,  it 
is  impossible  to  reconcile  such  a  state  of  things  with  the  generally 
accepted  conclusions  of  our  most  distinguished  mathematicians  and 
astronomers  as  to  the  present  constitution  of  the  earth  and  the 
thickness  of  its  crust.  It  is  true  that  such  a  question  relates  rather 
to  cosmogony  than  geology ;  but  the  nature  of  the  inner  constitution 
vol.  xxxir.  g 
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of  the  globe  has  so  intimate  a  connexion  with  what,  during  geolo- 
gical time,  has  taken  place  upon  its  surface,  that  it  must  be  regarded 
as  within  our  province ;  and  indeed  the  subject  is  one  which  of 
necessity  is  constantly  forcing  itself  upon  our  attention.  The  enor- 
mous elevations  and  depressions  of  the  surface  which  have  taken 
place  all  over  the  globe,  the  vast  faults  and  dislocations  of  the  strata, 
the  contortion  and  occasional  inversion  of  beds  of  great  thickness, 
and  many  other  geological  phenomena  seem  more  in  accordance 
with  a  comparatively  thin  and  yielding  crust,  than  with  one  of 
such  great  rigidity  and  thickness  as  to  satisfy  the  requirements  of 
Mr.  Hopkins  or  Sir  William  Thomson. 

Nor  is  it  only  with  regard  to  theoretical  considerations  as  to  the 
pristine  condition  of  our  globe,  that  spectrum-analysis,  to  which 
our  knowledge  of  Solar  Physios  is  mainly  due,  seems  likely  to  prove 
of  service  to  those  engaged  in  geological  and  mineralogical  investi- 
gations. To  the  metallurgist  especially  it  is  by  no  means  impro- 
bable that  it  may  eventually  become  almost  indispensable,  as  it 
may,  in  the  examination  of  metals,  make  known  the  presence  of 
foreign  elements  when  in  such  minute  quantities  as  to  be  almost 
beyond  the  reach  of  the  ordinary  methods  of  analysis.  At  present, 
however,  the  researches  in  this  direction  have  been,  in  the  main, 
confined  to  the  examination  of  gold ;  but  the  success  of  one  of  our 
Fellows,  Mr.  W.  Chandler  Roberts,  F.R.S.,  in  the  quantitative  ana- 
lysis of  gold-copper  alloys,  justifies  a  hope  that  the  process  may  ere 
long  be  found  of  useful  application  in  other  cases,  as,  for  instance, 
in  that  of  argentiferous  lead. 

The  researches  of  modern  chemistry  and  the  greater  facilities  now 
afforded  for  exact  microscopic  observations  bear  so  evident  a  rela- 
tionship to  the  advancement  of  mineralogical  knowledge  that  I  need 
hardly  mention  them  among  the  sources  to  which  we  may  look  for 
accessions  to  the  domain  of  our  science.  Some  of  the  discoveries, 
however,  which  havo  been  made  during  the  cruise  of  the  '  Chal- 
lenger '  suggest  the  imperative  necessity  of  laying  tho  utmost  im- 
portance on  chemical  considerations,  even  when  seeking  to  account  for 
the  existence  of  what  appear  to  be  ordinary  sedimentary  deposits. 
The  remarkable  correspondence  between  tho  white,  or  QlMgtrina- 
ooze,  of  the  Atlantic  and  Southern  Seas  and  our  Upper  Chalk  is  of 
course  well  known,  though  recent  discoveries  have  thrown  much 
additional  light  upon  the  subject.  So  long  ago  as  1849,  Sir  Charles 
Lycll,  in  his  « Second  visit  to  tho  United  States,'  related  an  anecdote 
in  connexion  with  this  subject  which  it  may  be  worth  while  to 
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repeat.  He  mentions  how,  in  the  Museum  at  Washington,  he  saw 
a  number  of  objects  collected  by  the  Exploring  Expedition  con- 
ducted by  Capt.  Wilkes, — among  them  masses  of  limestone  found 
in  recent  coral  reefs,  one  of  which,  as  white  and  soft  as  chalk,  had 
been  brought  from  the  Sandwich  Islands,  and  might  hare  been 
mistaken  for  a  piece  of  Shakespeare's  cliff  near  Dover.  It  reminded 
Sir  Charles  that  an  English  friend,  a  Professor  of  political  economy, 
met  him  about  fifteen  years  previously  on  the  beach  at  Dover  after 
he  had  just  read  the  4  Principles  of  Geology.'  "  Show  me,w  he  ex- 
claimed, "  masses  of  pure  white  rock  like  the  substance  of  these  cliffs, 
in  the  act  of  growing  in  the  ocean  over  areas  as  large  as  France  or 
England,  and  I  will  believe  all  your  theory  of  modern  causes/1 
"  Since  that  time,"  wrote  Sir  Charles,  "  we  have  obtained  data  for 
inferring  that  the  growth  of  corals  and  the  deposition  of  chalk-like 
calcareous  mud  is  actually  going  on  over  much  wider  areas  than  the 
whole  of  Europe ;  so  that  I  am  now  entitled  to  claim  my  incredulous 
friend  as  a  proselyte." 

But  we  now  find  modern  causes  at  work  reproducing  other  old 
rocks  than  those  of  the  nature  of  the  Upper  Chalk.  Prof.  Wyvillo 
Thomson  tells  us  that  during  the  southern  cruise  of  the  *  Challenger ' 
the  sounding-lead  brought  up  no  less  than  five  absolutely  distinct 
kinds  of  sea-bottom,  without  taking  into  account  the  stony  deposits 
in  the  neighbourhood  of  land.  Of  these,  one  consists  of  volcanic 
mud  and  sand ;  while  the  other  four  appear  to  be  of  purely  organic 
origin,  and,  though  for  the  most  part  differing  greatly  in  cha- 
racter, seem  all  to  be  in  process  of  deposition  at  the  present  time. 
These  organic  deposita  are  as  follows : — 

A.  A  greenish  sand  which,  on  examination  with  the  microscope, 
is  found  to  consist  almost  exclusively  of  the  casts  of  Foraminifera 
in  one  of  the  complex  silicates  of  alumina,  iron,  and  potash — pro- 
bably some  form  of  glauconite.  Gftobigerina,  Orbulina^  and  Ful* 
vinulina  are  represented  in  the  casts,  but  not  in  such  abundance  as 
Miliola,  BUoculina,  and  several  other  forms.  This  kind  of  bottom 
was  found  but  rarely,  the  two  soundings  mentioned  being  98  and 
150  fathoms ;  and  the  deposit  is  regarded  as  evidently  exceptional, 
and  depending  on  some  peculiar  local  conditions. 

B.  "  Ctfofo^mna-ooze,"  consisting  of  little  else  than  the  shells 
of  Qhbigerina,  whole,  or  more  or  less  broken  up,  /with  a  small 
proportion  of  the  shells  of  Pulvinulina  and  of  Orbulina,  and  the 
spines  and  testa  of  Radiolarians,  and  fragments  of  the  spicules  of 
sponges.    At  times  there  is  an  admixture  of  fine  granular  matter, 
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filling  the  shells  and  the  interstices  between  them,  which,  under  a 
high  power  of  the  microscope,  is  found  to  consist  of  "  cocooliths  n  and 
"  rhabdoliths,"  the  remains  of  those  singular  organisms  "cooco- 
spheres"  and  "  rhabdospheres,"  which  are  found  to  live  abundantly 
at  the  surface,  especially  in  the  warmer  seas.  The  QlMgerina- 
ooae  is  rarely  met  with  at  a  depth  exceeding  2250  fathoms. 

At  a  greater  depth  it  was  found,  almost  universally,  that  the 
calcareous  formation  gradually  passes  into  and  is  finally  replaced 
by  D,  an  extremely  fine  pure  red  day,  which  occupies  over  large 
areas  all  depths  below  2500  fathoms,  and  consists  almost  entirely 
of  alumina  and  a  silicate  of  the  red  oxide  of  iron.  The  transition 
from  the  Qlobigerina-ooze  into  this  class  of  deposits  is  very  slow,  and 
extends  over  several  hundred  fathoms  of  increasing  depth,  the  shells 
gradually  losing  their  sharpness,  and  assuming  a  kind  of  rotten  look 
and  a  brownish  colour.  They  also  become  more  and  more  mixed 
with  a  fine  amorphous  red-brown  powder,  which  increases  steadily 
in  proportion  until  the  lime  has  almost  entirely  disappeared. 

Intermediate  between  the  white  Globigerina-oozo  (B)  and  the  red 
day  (D)  is  a  grey  ooxe  (C),  which  appears  to  be  rather  a  transition- 
bed  than  one  with  such  well-defined  characteristics  as  B  and  D. 
It  occurs  at  an  average  depth  of  2400  fathoms,  but  is  also  occa- 
sionally found  at  considerably  greater  depths. 

One  of  the  remarkable  features  in  the  case  is  the  large  area 
over  which  the  red  day  (D)  is  being  deposited.  Between  the 
island  of  Teneriffe  and  Sombrero,  a  distance  of  about  2700  miles, 
there  was  a  tract  of  1900  miles  over  which  the  soundings  gave 
red  clay,  and  of  only  about  720  miles  where  they  brought  up  QU- 
bigerina-ooze. 

As  to  the  origin  of  the  red  clay,  Prof.  Wyville  Thomson  considers 
that  there  is  little  reason  to  doubt  that  it  consists  of  the  insoluble  por- 
tion of  the  same  calcareous  organisms  the  remains  of  which  constitute 
the  Qlobigerina-ooie — the  soluble  portion,  consisting  of  about  98  per 
cent,  of  carbonate  of  lime,  having  in  some  manner  been  removed. 
Though  the  exact  mode  in  which  this  has  been  effected  seems  at 
present  involved  in  mystery,  he  suggests  that  a  great  part  of  the 
bottom  water  in  the  deep  troughs  in  which  the  red  clay  occurs  was 
last  at  the  surface  in  the  form  of  circumpolar  freshwater  ice,  which 
though  fully  charged  with  carbonic  acid,  may  possibly  have  been 
comparativdy  free  from  carbonate  of  lime,  so  that  its  solvent  power 
was  thus  greater. 

Dr.  Carpenter,  while  agreeing  with  Prof.  Wyville  Thomson  that 
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solution  by  carbonic  acid  is  the  most  probable  reason  for  the  dis- 
appearance of  calcareous  shells  in  a  deep-sea  deposit,  where  no  me- 
chanical action  can  be  invoked,  cites  the  observations  of  our  Fellow, 
Mr.  H.  C.  Sorby,  F.R.S.,  on  the  increase  of  solvent  power  for  car- 
bonate of  lime  possessed  by  water  under  greatly  augmented  pres- 
sure ;  and  certainly  under  a  pressure  of  from  500  to  600  atmospheres, 
or  upwards  of  three  tons  to  the  inch,  this  cause  might  well  apply. 
Dr.  Carpenter  doubts,  however,  whether  the  relation  between  the 
red  clay  and  the  depth  of  the  sea  is  so  constant  or  universal  as  is 
thought  by  Prof.  Wyville  Thomson — and,  what  is  more  important, 
is  inclined  to  disbelieve  in  the  existence  of  insoluble  argillaceous 
matter,  even  to  the  extent  of  two  per  cent.,  in  the  calcareous  shells 
from  which  the  Qlobigerina-ooz<e  is  derived.  He  considers  that  its 
presence  is  more  probably  due  to  a  post-mortem  deposit  in  the 
chambers  of  Foraminif  era  than  to  the  appropriation  of  the  material 
for  the  clay  by  the  living  animals  for  the  formation  of  their  shells. 
In  support  of  this  view,  he  calls  attention  to  the  replacement  of  the 
sarcodic  bodies  of  the  animals — such  as  is  now  going  on  in  the  dis- 
tricts where  the  deposit  A  is  being  formed,  and  which  Prof.  Ehren- 
berg  pointed  out,  in  1853,  had  also  taken  place  at  the  period  of 
the  Oreensand  formation, — and  shows  that  not  improbably  theglau- 
conite  may  have  been  converted  into  day  in  the  presence  of  an  excess 
of  carbonic  acid.  It  is  possible  that  both  causes  may  have  been  at 
work,  and  that,  while  the  calcareous  shells  have  not  been  composed 
of  carbonate  of  lime  absolutely  free  from  any  iron,  silica,  or  alumina, 
yet  that  during  the  decomposition  of  the  sarcode  after  death  a 
certain  amount  of  glauconite  was  deposited,  itself  to  be  eventually 
metamorphosed  into  day. 

However  this  may  have  been,  we  have  this  important  discovery 
laid  before  us,  that  there  are  existing  causes  at  work  which  at 
a  great  distance  from  land,  and  without  the  aid  of  any  transported 
sediment  arising  from  denudation,  suffice  for  the  tranquil  deposition  of 
beds  of  red  day  on  the  bottom  of  a  deep  sea,  these  beds  shading  off 
under  different  circumstances  into  deposits  dosdy  resembling  our 
-  Lower  and  Upper  Chalk  and  Upper  Greensand  formations.  It  will 
be  for  the  geologist  to  determine  whether  not  only  these  rocks,  but 
others  of  older  date,  and  especially  Clays  and  Slates,  may  not  have 
their  origin  assigned  to  the  action  of  similar  causes. 

It  has  long  been  known  that  many,  if  not  most,  of  the  beds  of 
red  clay  overlying  the  Chalk  and  various  Limestone  formations  were 
the  insoluble  residue  of  the  rook  left  near  the  surface,  after  the  cal- 
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oareous  portions  had  been  dissolved  away  by  the  action  of  water 
charged  with  carbonic  acid.  It  has  also  been  noted  that  these 
argillaceous  beds  were  more  folly  developed  in  some  plaoea  than  in 
others.  Confining  ourselves  for  the  moment  to  the  Cretaceous 
rocks,  we  may  now,  I  think,  connect,  within  oertain  limits,  the 
amount  of  day  present  in  any  case  with  the  depth  and  the  circum- 
stances under  which  the  rooks  were  deposited,  and  find  reason  for 
supposing,  until  some  good  evidence  is  produced  to  the  contrary, 
that  the  grey  chalk  which,  from  the  amount  of  alumina  present,  pro- 
duces, when  burnt,  an  hydraulic  lime,  owes  its  properties  to  the  depth 
of  the  ocean  under  which  it  was  formed,  and  to  the  amount  of 
Polar  water  with  which  it  was  brought  into  oontact,  and  that  the  white 
Chalk  oyer  which  the  red  day,  or  "  chemical  drift,"  as  it  has  been 
termed,  appears  in  greatest  force,  may  have  been  deposited  in  deeper 
water  than  that  over  which  it  is  found  but  in  minute  quantity.  We 
may  further  connect  the  Greensand,  the  careful  mioroscopio  exami- 
nation of  which  will  no  doubt  be  renewed,  with  those  shallower  and 
peouliar  oceanio  conditions  under  which  the  deposit  of  glauoonite 
during  the  decomposition  of  organic  matter  seems  most  readily  to 
take  place.  Which  of  the  older  red  days  are  of  chemical  and  not  of 
sedimentary  origin,  and  whether  there  are  any  blue  or  green  dap 
which  owe  their  existence  to  similar  causes,  but  in  which  the 
oxidation  of  the  contained  iron  has,  for  some  reason,  not  proceeded 
so  far,  are  questions  for  the  chemical  geologist.  Professor  Huxley 
has  already  called  attention  to  the  importance  of  this  discovery 
With  regard  to  the  earliest  known  formations,  and  pointed  out  how 
unsafe  is  the  inference  from  the  absence  of  recognizable  organisms 
in  the  rocks,  that  no  life  existed  at  the  time  of  their  deposit.  The 
whole  tendency  of  the  evidence  of  Palaeontology  goes,  he  says,  to 
prove  that  the  earliest  forms  of  life  must  have  been  vastly  simpler 
than  the  fossils  as  yet  met  with  in  the  earliest  sedimentary  strata. 
Much  as  metamorphio  action  has  done  to  destroy  all  traces  of 
organisms  in  the  older  rooks,  it  still  seems  possible  that  patience 
and  a  microscope  may,  in  this  as  in  other  instances,  reveal  to  us  as 
yet  hidden  treasures. 

The  abundance  of  manganese  over  the  red-clay  area  of  the  Atlantic 
is  another  subject  for  investigation ;  nor  will  the  greater  prevalence 
of  siliceous  Diatoms  near  the  Poles  and  in  some  other  parts  of  the 
Atlantic  be  without  its  significance  to  those  who  are  interested  in 
the  history  of  flint  in  Chalk  and  in  other  caloareous  rooks. 

Since  our  last  anniversary  another  British  expedition  has  set 
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forth  upon  its  travels,  to  the  return  of  which  geologists  will  look 
forward  with  as  much  interest  as  they  do  to  that  of  the  'Challenger:' 
I  mean  the  Arctio  Expedition,  under  the  command  of  Capt.  Nares, 
Unfortunately  no  professional  Geologist  is  attached  to  his  staff  of 
officers ;  hut  there  are  among  its  members  some  to  whom  geological 
observation  is  by  no  means  unfamiliar,  and  who  will,  at  all  events, 
lose  no  opportunities  of  collecting  any  fossil  remains  whioh  can  be 
brought  home  for  determination.  Apart  from  any  stratigraphies! 
or  palaeontologies!  details,  it  may  be  hoped  that  some  of  the  physical 
observations  with  regard  to  the  behaviour  of  large  masses  of  ice,  as 
distinct  from  that  of  ordinary  glaciers,  may  be  instructive.  This  is, 
indeed,  a  subject  on  which  Prof.  Nordenskiold  has  already  made 
some  remarks.  The  question  of  the  present  climate  and  proportions 
of  land  and  water,  and  of  the  past  geological  conditions  of  the  cir- 
cumpolar  area,  is  also  one  the  solution  of  which  involves  geological 
considerations  of  great  moment.  Through  the  researches  of  Prof. 
Oswald  Heer  we  have  been  made  comparatively  well  acquainted 
with  the  fossil  flora  of  the  arctic  regions,  and  especially  with  that 
which  is  referred  to  Miocene  times,  and  whioh  comprises  upwards  of 
350  species. 

Of  these  Arctic  species  nearly  100  occur  in  the  Miocene  flora  of 
Europe,  the  percentage  being  least  in  Spitzbergen  and  greatest  in 
Greenland,  while  of  the  European  fossil  floras  that  of  the  Baltic  near 
Dantzic  (55°  N.)  comes  nearest  to  the  Arctic,  having  about  54  per 
cent,  of  the  same  plants. 

Prof.  Nordenskiold  states  that  among  these  Miocene  plants  at 
Cape  Lyell,  in  8pitzbergen,  are  found  the  Taxodium  distichwrn  (the 
swamp-cypress  of  Texas),  Sequoias  of  enormous  size  allied  to  the 
WdUngtonia  of  California,  large-leaved  birches,  limes,  oaks,  beeches, 
planes,  and  even  magnolias. 

And  Prof.  Heer,  arguing  from  the  fossil  flora  of  Atanekerdluk, 
on  the  Waigat,  opposite  Disco,  in  lat.  70°,  infers  that,  beyond  a 
doubt,  North  Greenland  in  the  Miocene  age  had  a  climate  warmer  by 
at  least  30°  Fahr.  than  at  present.  He  shows  that  of'  many  of  the 
trees  the  nearest  living  representatives  are  not  to  be  found  nearer 
than  10°  or  even  20°  further  south,  and  that  one  of  the  most 
important,  a  Daphnogene,  with  large  thick  leathery  leaves,  was  pro- 
bably an  evergreen.  Of  other  plants,  there  are  some  of  which  it  is 
quite  certain  that  they  could  not  have  withstood  a  low  temperature. 
Even  assuming  that  such  forms  were  living  close  to  the  highest 
northern  limit  compatible  with  their  existence,  the  occurrence  of 
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the  trees  just  cited  in  Spitsbergen,  about  8°  further  north,  shows  that 
the  beeches  and  planes  could  flourish  in  that  high  latitude ;  and 
inasmuch  as  at  the  present  day  firs  and  poplars  reach  to  a  latitude 
of  15°  above  the  artificial  limit  of  the  plane,  and  10°  above  that  of 
the  birch,  it  is  inferred  that  there  was  nothing  in  the  Miocene 
climate  to  prevent  firs  and  poplars  from  growing  as  far  northward 
as  land  existed.  The  Sequoia  LangsdorffU  has  its  nearest  living 
representative  in  the  S.  sempervirens  (Red- wood),  a  tree  the  present 
northern  limit  of  which  is  about  lat.  53°,  and  which  requires  for  its 
existence  a  summer  temperature  of  60°  F.,  and  for  its  fruit  to 
ripen  one  of  65°.  The  winter  temperature  for  this  tree  must  not  fall 
below  31°;  and  that  of  the  whole  year  must  be  at  least  50° ;  but  the 
present  annual  temperature  at  Atanekerdluk  is  about  20°  F.,  and 
this  is  somewhat  above  the  normal  temperature  for  the  latitude. 
Further  to  the  east,  at  Attenfiord,  a  temperature  of  33°  Fahr.  is 
met  with;  but  even  this  abnormal  temperature  for  so  high  a 
latitude  is  17°  lower  than  what  we  are  obliged  to  assume  as  having 
prevailed  in  Spitsbergen  during  the  Miocene  period.  Professor  Heer 
regards  such  facts  (which  are,  moreover,  mere  links  in  the  grand 
chain  of  evidence  obtained  from  the  examination  of  the  Miocene 
flora  of  the  whole  of  Europe)  as  convincing.  They  prove  to  us,  he 
says,  that  we  could  not  by  any  rearrangement  of  the  relative  position 
of  land  and  water  produce  for  the  northern  hemisphere  a  climate 
which  would  explain  the  phenomena  in  a  satisfactory  manner.  We 
must  only  admit,  he  adds,  that  we  are  face  to  face  with  a  problem 
whose  solution  in  all  probabity  must  be  attempted,  and,  wo  doubt 
not,  completed  by  the  astronomer. 

It  might,  indeed,  be  urged  that  we  are  hardly  justified  in  restrict- 
ing the  growth  of  particular  varieties  of  such  trees  as  the  fir,  the 
poplar,  and  the  birch  to  the  conditions  under  which  they  are  at  the 
present  time  able  to  exist.  In  addition,  however,  to  the  extreme 
cold,  we  must  remember  that  it  is  also  with  a  prolonged  absence  of 
sunlight  that  the  plants  which  formerly  flourished  in  such  latitudes 
as  80°  would  have  to  contend ;  and  even  if  there  were  a  sufficiency 
of  light,  it  is  hard  to  conceive  in  what  manner  thick-leaved  ever- 
greens, such  as  the  Daphnogene,  could  endure  the  climate,  or 
Sequoias  ripen  their  seed. 

This  warmth  of  climate,  moreover,  within  the  arctic  circle,  which 
it  appears  necessary  to  admit  as  having  prevailed  there  in  Miocene 
times,  seems  also  to  have  been  enjoyed  by  those  regions  even  in  a 
higher  degree  during  earlier  periods  of  the  earth's  history. 
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Daring  the  Upper  Cretaceous  period  deciduous  trees  and  dicoty- 
ledons flourished  at  Atanekerdluk,  as  well  as  two  species  of  Mag- 
nolia and  a  fig,  of  which  not  only  the  leaves  but  the  fruit  are  pre- 
served in  the  fossil  state.  I  have  myself  seen  the  specimens,  which 
were  obligingly  shown  to  me  at  Stockholm  by  Prof.  Nordenskiold, 
from  whose  paper*  on  the  former  climate  of  the  polar  regions 
I  am  largely  quoting;  and  no  product  of  the  far  north  ever  appeared 
to  me  more  striking. 

In  the  Lower  Cretaceous  period,  however,  the  climate  seems  to 
have  been  still  warmer.  Among  75  species  distinguished  by  Prof. 
0.  Heer,  there  are  30  ferns,  9  Cycade®,  and  17  Conifene ;  and  of 
the  ferns  one  third  part  belong  to  the  genus  Glekhenia,  which  still 
flourishes  in  the  neighbourhood  of  the  tropics  and  tho  warmer  parts 
of  the  temperate  zone.  The  same  holds  good  of  the  Cycadese,  most 
of  which  are  referable  to  the  genus  Zamia,  while  some  of  the 
Conifene  are  nearly  related  to  forms  still  existing  in  Florida,  Japan, 
and  California.  Judging  from  the  vegetable  remains,  Prof.  Heer 
infers  that  the  Arctic  climate  of  the  early  part  of  the  Cretaceous 
period  was  much  like  that  which  now  prevails  in  Egypt  and  tho 
Canary  Isles. 

In  Jurassic  times  the  temperature  seems  to  have  been  much  tho 
same,  while  the  marine  remains  of  tho  Triassic  period,  consisting  of 
Ammonites,  Nautili,  and  the  great  Saurian  described  by  Mr.  Hulko 
(the  Ichthyosaurus  polaris),  all  point  to  climatal  conditions  much 
warmer  than  those  of  the  present  day,  and  to  a  comparatively  warm 
ocean. 

The  Coal-measures,  with  their  profuse  vegetation  agreeing  in 
character  with  that  found  in  lower  latitudes,  the  Mountain  Lime- 
stone, built  up  with  fragments  of  Corals  and  Bryozoa  and  shells  of 
marine  mollusca,  all  tell  the  same  story. 

To  quote  the  words  of  Prof.  Haughton,  the  arguments  from  the 
occurrence  of  coal-plants  and  Ammonites  strengthen  each  other,  the 
coal-plants  rendering  the  question  of  light,  and  the  Ammonites  that 
of  Tuat,  insuperable  objections  to  the  admission  of  any  received 
geological  hypothesis  to  account  for  the  finding  of  such  remains 
in  situ  in  latitudes  so  high  as  those  of  Melville  Island,  Prince 
Patrick's  Island,  and  Exmouth  Island. 

The  Spitzbergen  fossils  carry  us,  however,  up  to  still  higher 
latitudes,  where  we  have  a  lime,  an  Arbor-  vitae,  and  a  Juniper  nearly 
on  tho  79th  parallel  of  latitude,  or  within  less  than  800  miles  of  the 
*  Geol.  Mag.  dec  ii.  toL  ii.  p.  525. 
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actual  Pole.  We  can  hardly  believe  that  such  trees  could  grow  on 
the  confines  of  all  arboreal  life ;  and  when  we  consider  that  the  dif- 
ference in  latitude  between  Spitsbergen  and  the  Pole  ia  just  the 
same  as  between  Cornwall  and  the  Shetland  Isles,  it  is  hard  to 
believe  that  at  the  time  when  such  comparatively  southern  forma 
were  nourishing  in  Spitsbergen,  the  Pole  itself  could  have  been  so 
ill-adapted  for  all  vegetable  life  of  the  kind  as  it  must  be  at  the  present 
day.  Among  other  suggestions  which  have  been  offered  as  a  meant 
of  accounting  for  the  phenomena,  that  of  a  change  in  the  obliquity 
of  the  axis  of  rotation  of  the  earth  with  regard  to  the  ecliptic  hat 
been  revived,  and  advocated  with  much  ingenuity  by  Mr.  Belt  As 
his  views  have  been  ably  expounded  by  Mr.  Henry  Woodward  in 
his  Presidential  Address  to  the  Geologists'  Association,  I  need  not 
enter  further  into  them.  They  have  already  been  controverted  by 
Mr.  Groll,  in  his  work  on  Climate  and  Time ;  and  certainly,  though 
with  the  axis  of  the  earth  vertical  to  the  ecliptic  there  might  be 
perpetual  light  at  the  Pole,  it  is  hard  to  see  how,  with  the  sun 
always  on  the  horizon,  the  inhabitants  of  that  part  of  the  world 
would  be  blessed  with  perpetual  spring.  Indeed,  according  to  Mr. 
Croll,  the  aggregate  quantity  of  heat  received  by  the  polar  regions 
of  a  globe  with  its  axis  vertical  to  the  ecliptic,  would  be  far  less 
than  at  present. 

The  three  points  which  it  appears  to  me  are  most  important  to 
bear  in  mind  with  regard  to  the  Arctic  flora  are : — 1,  that  for 
vegetation  such  as  has  been  described  there  must,  according  to  all 
analogy,  have  been  a  greater  aggregate  amount  of  summer  heat  sup- 
plied than  is  now  due  to  such  high  latitudes ;  2,  that  there  must 
have  been  a  far  less  degree  of  winter  cold  than  is  in  any  way  com- 
patible with  the  position  on  the  globe ;  and,  3,  that  in  all  proba- 
bility the  amount  and  distribution  of  light  which  at  present  prevail 
within  the  Arctic  circle  are  not  such  as  would  suffice  for  the  life  of 
the  trees. 

Should  the  present  Arctic  expedition  succeed  in  finding  traces  of 
what  must  be  regarded  as  a  temperate,  if  not  indeed  a  subtropical 
fossil  flora,  like  that  of  Greenland  and  Spitsbergen,  extending  to 
latitudes  still  nearer  the  Pole,  it  does  appear  to  me  that  geologists 
will  be  compelled  'to  accept  as  a  fact  that  the  position  of  the  axis  of 
rotation  of  our  planet  has  not  been  permanent ;  and  they  will  have 
to  call  upon  astronomers  to  find  some  means  of  admitting  what  they 
now  regard  as  impossible. 

An  astronomer  and  mathematician  of  no  mean  ability,  the  late 
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Sir  John  W.  Lubbook,  in  a  paper  communicated  to  this  Society  in 
1848,  has  speculated  upon  this  subject,  which  was  in  consequence 
discussed  by  the  late  Sir  Henry  Delabeche  in  his  Presidential  Ad- 
dress in  1849. 

Sir  J.  W.  Lubbock  remarked  that  the  dictum  of  Laplace  as  to  the 
impossibility  of  accounting  for  the  changes  which  have  taken  place 
on  the  surface  of  the  earth,  and  in  the  relative  positions  of  land  and 
water,  by  a  change  in  the  position  of  the  axis  of  rotation,  was 
founded  upon  the  absence  of  two  considerations,  both  of  which  ap- 
peared to  him  essential    These  were— 

1.  The  dislocation  of  strata  by  cooling, 

2.  The  friction  of  the  surface. 

The  latter  consideration  is  apparently  of  but  little  importance ;  but 
with  regard  to  the  former,  he  pointed  out  how,  if  from  any  cause 
the  axis  of  rotation  did  not  coincide  with  the  axis  of  figure*,  the 
pole  of  the  axis  of  rotation  would  describe  a  spiral  round  the  pole 
of  the  axis  of  figure  until  it  finally  became,  as  it  is  at  present,  iden- 
tical with  it.  He  considered  it  unlikely  that  originally  the  axis  of 
rotation  should  have  coincided  exactly  with  the  axis  of  figure,  un- 
less the  whole  globe  were  perfectly  fluid — but  added  that  wo  might 
go  back  to  a  time  less  remote,  when  the  earth  was  in  a  semifluid 
state,  and  in  consequence  of  the  different  degrees  of  fusibility  of 
different  substances,  was  partly  solid,  in  irregular  masses ;  and,  in 
consequence,  the  two  axes  did  not  coincide.  We  might,  he  added, 
assume  the  original  state  of  want  of  uniformity  between  them  to 
have  been  at  a  period  even  more  recent,  when  the  earth  consisted  of 
land  and  water,  and  was  suited  for  the  support  of  animal  life.  He 
then  proceeded  to  show  how,  if,  after  any  length  of  time  the  solid 
spheroidal  part  of  the  earth  moved  about  any  new  axis  of  rotation, 
the  water  would  occupy  a  new  position  about  a  new  equator,  land 
would  become  sea,  and  sea  land,  &c. 

He  added  that,  if  the  axis  of  the  earth  would  suffer  a  displacement 
by  reason  of  the  causes  which  produce  the  precession  of  the  equi- 

*  An  axis  of  figure  may,  I  presume,  be  defined  m  a  principal  axis  of  a  body 
around  which  it  would  revolve  in  aquilibrio,  and  would  therefore,  when  once 
the  motion  had  been  imparted,  continue  to  do  so  for  ever,  if  no  extraneous 
forces  acted  upon  it  The  axis  of  rotation  need  not,  at  the  time  of  the  motion 
being  imparted,  correspond  with  the  axis  of  figure,  though  the  two  would  ulti- 
mately coincide.  On  the  same  principle  a  change  in  the  form  of  a  revolving 
body  might  displace  its  axis  of  figure,  and  for  a  time  prevent  the  axis  of  revo- 
lution from  coinciding  with  it 
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noxcs,  we  should  have  another  and  more  natural  way  of  accounting 
for  tho  existing  phenomena ;  hut  this  has  been  held  to  be  impossible. 

I  am  not  at  present  going  to  question  whether  this  holding  is 
correct;  but  with  regard  to  Sir  J.  W.  Lubbock's  reasoning  as  to  the 
necessity  of  the  axis  of  figure  coinciding  with  that  of  rotation,  it 
appears  to  me  of  the  greatest  importance ;  for  if  it  hold  good,  any 
alteration  in  figure  cannot  but  have  some  effect  on  the  position  of 
the  axis  of  rotation.  No  doubt,  if  the  wholo  globe,  or  even  the  solid 
portion  of  it,  were  a  regular  spheroid,  with  a  large  equatorial  pro- 
tuberance, any  modification  on  its  surface  would  have  to  be  on  an 
enormous  scale  to  produce  any  sensible  effect  upon  its  axis  of  revolu- 
tion. But,  after  all,  is  the  earth,  strictly  speaking,  a  spheroid?  and 
are  not  some  of  the  arguments  and  dicta  based  upon  its  spheroidal 
character  founded  on  a  fallacy?  For  it  does  appear  to  me  a  fallacy 
to  treat  as  ono  homogeneous  spheroid  a  body  partly  consisting  of  a  mass 
of  solid  or  quasi-solid  matter  of  irregular  form,  and  partly  of  a  liquid 
mass  in  constant  motion,  irregularly  distributed  over  a  portion  of  its 
surface.  No  doubt  the  contour  of  the  liquid  portion  is,  according  to 
established  geometrical  laws,  almost  that  of  a  regular  spheroid;  but 
its  distribution,  except  in  the  case  of  inland  seas,  can  have  but  little 
to  do  with  the  regulation  of  the  movement  of  the  solid  body  on 
which  it  rests.  It  is  true  that  Laplace  has  maintained  that  "  what- 
ever may  be  the  law  of  the  depth  of  the  ocean,  and  whatever  the 
figure  of  the  spheroid  which  it  covers,  the  phenomena  of  precession 
and  nutation  will  be  the  same  as  if  the  ocean  formed  a  solid  mass 
frith  this  spheroid;"  but  do  the  position  of  the  axis  of  revolution, 
and  its  permanence  in  one  spot,  come  under  the  same  category  as 
precession  and  nutation  ?  It  certainly  appears  to  me  that  the  posi- 
tion of  the  axis  of  revolution  must  mainly  depend  upon  the  form  of 
the  mineral  portion  of  tho  globe,  and  be  but  in  the  slightest  degree 
affected  by  the  distribution  of  tho  ocean,  the  specific  gravity  of 
which  is  moreover  only  about  one  fifth  of  that  of  the  more  solid 
portion. 

With  regard  to  tho  permanence  of  the  axis  of  rotation,  if  it  must 
of  necessity  coincide  with  the  axis  of  figure,  and  if  the  figure  of  the 
mineral  portion  of  the  earth,  in  consequence  of  upheavals  and  de- 
pressions, of  tho  wearing  away  of  continents  and  the  transportation 
of  their  constituents  by  mechanical  or  even  chemical  means,  is  being 
constantly  changed,  so  as  to  acquire  a  new  axis,  then  the  axis  of  rota- 
tion must  also  as  constantly  be  undergoing  a  change  of  position. 

Let  us  now  glance  at  somo  of  the  irregularities  of  form  of  tho 
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more  solid  part  of  the  globe  as  at  present  existing.  The  difference 
between  the  polar  and  equatorial  diameters  of  our  globe  has  been 
calculated  at  about  26  miles,  or  about  13  miles  in  the  radius;  but 
at  the  equator  itself,  little  more  than  one-fifth  of  the  circumference 
of  the  globe  is  dry  land,  and  nearly  four  fifths  are  sea ;  and  this  sea 
is  by  no  means  shallow,  as  the  soundings  taken  by  the  '  Tuscarora,' 
the  '  Challenger,'  and  other  exploring  vessels  will  prove.  Leaving 
those  taken  near  land  out  of  the  calculation,  I  find  that  48  sound- 
ings in  the  Pacific,  between  15°  and  30°  north  latitude,  give  an 
average  depth  of  2634  fathoms,  or  5268  yards — that  is  to  say,  within 
a  few  yards  of  three  miles.  The  South  Pacific  does  not  appear  to 
have  been  so  well  explored ;  but  across  the  Atlantic,  in  the  equatorial 
regions  between  10°  N.  and  10°  8.,  I  find  that  an  average  of  32 
soundings  gives  a  mean  depth  of  2309  fathoms,  or  4618  yards, 
while,  in  one  spot  in  lat.  15°  degrees  S.,  Sir  James  Boss  did  not  find 
the  bottom  with  a  line  of  4600  fathoms,  or  nearly  5£  miles.  In 
the  Indian  Ocean,  within  the  same  limits,  20  soundings  give  an 
average  of  2468  fathoms,  or  4936  yards,  or  more  than  2f  miles. 
Taking  these  soundings  as  fair  representations  of  the  depth  of  the 
sea  in  the  neighbourhood  of  the  equator,  it  appears  that  we  may  at 
once  reduce  the  equatorial  diameter  of  the  more  solid  part  of  the 
globe  by  from  5 J  to  6  miles  over  nearly  four  fifths  of  its  circumfer- 
ence ;  that  is  to  say,  we  may  reduce  the  usually  accepted  equatorial 
protuberance  from  about  13  miles  to  a  little  over  10.  It  is  not 
within  my  province  to  inquire  whether  the  fact  of  so  large  a  portion 
of  the  equatorial  protuberance  being  of  so  much  less  specific  gravity 
than  if  it  were  composed  of  mineral  matter  will  in  any  way  affect 
the  established  calculations  with  regard  to  the  precession  of  the 
equinoxes  and  the  nutation  of  the  poles,  or,  what  is  of  more  im- 
portance to  us,  the  inferences  with  regard  to  the  crust  of  the  earth 
which  have  been  thence  deduced. 

But  while  so  large  a  portion  of  the  surface  of  the  land  is,  in  the 
equatorial  regions,  so  much  below  the  normal  level,  there  are,  espe- 
cially in  the  northern  hemisphere,  large  tracts  of  land  which,  like 
the  great  plateau  of  Tibet,  are  some  thousands  of  feet  above  it.  The 
average  elevation  of  the  whole  of  Asia  has,  indeed,  been  estimated 
at  377  yards,  or  nearly  a  quarter  of  a  mile  above  the  sea-level. 
The  depth  of  the  ocean  in  non-equatorial  regions  must  no  doubt  be 
taken  into  account ;  but  practically,  the  spheroidicity  of  the  globe,  on 
which  the  stability  of  the  pole  has  been  held  to  depend,  may  be  regarded 
as,  even  at  the  present  time,  considerably  less  than  is  usually  supposed, 
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When,  however,  we  come  to  think  of  the  enormous  elevations  and 
depressions  which  some  parts  of  the  globe  hare  undergone  daring 
geological  time,  it  is  by  no  means  difficult  to  imagine  condition! 
under  which  the  general  average,  so  to  speak,  of  the  surface,  would 
approach  much  more  nearly  to  the  form  of  a  sphere,  and  the  globe 
would  become  much  more  sensitive  of  any  disturbances  of  its  equili- 
brium; but,  whether  the  globe  is  a  sphere  or  a  spheroid,  it  is  hard 
to  see  why  disturbances  of  its  equilibrium  should  not  affect  the  posi- 
tion of  its  axis  of  rotation. 

Taking  our  globe  with  the  distribution  of  land  and  water  as  at 
present  existing,  I  should  like  to  inquire  of  mathematicians  what 
would  be  the  theoretical  result  of  such  a  slight  modification,  geolo- 
gically speaking,  as  the  following: — Assume  an*  elevation  to  the  ex- 
tent, on  an  average,  of  4000  feet  over  the  northern  part  of  Africa, 
the  oentre  of  the  elevation  being,  say,  in  20°  north  latitude.  Assume 
that  this  elevation  forms  only  a  portion  of  a  belt  around  the  whole 
globe,  inclined  to  the  equator  at  an  angle  of  20°,  and  having  its 
most  northerly  point  in  the  longitude  of  Greenwich,  and  cutting  the 
equator  at  90°  degrees  of  east  and  west  longitude.  Assume  that 
along  this  belt  the  sea-bottom  and  what  little  land  besides  Africa  it 
would  traverse  were  raised  4000  feet  above  its  present  level  over  a 
tract  20°  in  width.  Assume  further  that  the  elevation  of  this  belt 
was  accompanied  by  corresponding  depressions  on  either  side  of  it, 
so  as  to  leave  the  total  volume  of  the  mineral  portion  of  the  earth 
unaffected.  Would  not  such  a  modification  of  form  bring  the  axis  of 
figure  about  15°  or  20°  south  of  the  present,  and  on  the  meridian  of 
Greenwich — that  is  to  say,  midway  between  Greenland  and  Spits- 
bergen ?  and  would  not,  eventually,  the  axis  of  rotation  correspond 
in  position  with  the  axis  of  figure? 

If  the  answer  to  these  questions  is  in  the  affirmative,  then  I  think 
it  must  be  conceded  that  even  minor  elevations  within  the  tropics 
would  produce  effects  corresponding  to  their  magnitude,  and  also 
that  it  is  unsafe  to  assume  that  the  geographical  position  of  the 
poles  has  been  persistent  throughout  all  geological  time. 

It  is  not  the  first  time  that  I  have  insisted  upon  this  point ;  for 
Borne  ten  years  ago  *  I  pointed  out  another  possible  means  of  account* 
ing  for  a  change  in  the  geographical  position  of  the  axis  of  the 
earth.  My  hypothesis  was,  however,  founded  on  the  assumption  of 
the  globe  consisting  of  a  comparatively  thin  crust,  with  an  internal 
fluid  nucleus  over  which  the  crust  would  slide  when,  from  any  geo- 
*  Proceedings  of  the  Boyal  Society,  1866. 
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logical  cause,  its  equilibrium  was  disturbed.  To  this  it  has  been 
objected* — 1st,  that  there  would  be  a  tendency  in  the  transfer  of 
sediment  from  one  part  of  the  globe  to  another,  and  in  the  various 
elevations  and  depressions  of  land  simultaneously,  to  balance  each 
other;  and,  2nd,  that  the  friction  over  the  nucleus  would  be  too 
great,  and  that,  owing  to  the  earth  being  a  spheroid  and  not  a  per- 
fect sphere,  any  motion  of  tfce  crust  would  be  attended  by  great  re- 
sistance, and  the  bending  and  rending  of  ite  mass. 

To  these  objections  it  may  be  replied  that  the  effects  of  the 
transfer  of  sediment  from  one  plaoe  to  another,  and  of  elevations 
and  depressions  of  land  going  on  at  the  same  time,  are  just  as 
likely  to  be  doubled  by  the  depressions  taking  place  in  the  same 
hemisphere  as  the  elevations,  but  [on  opposite  sides  of  the  Pole,  as 
they  are  to  neutralise  each  other ;  and,  2ndly,  that  with  a  compara- 
tively thin  crust,  the  readjustment  to  a  fresh  position  on  a  nucleus 
so  slightly  spheroidal  as  that  supposed  to  exist  in  the  earth,  is  not 
accompanied  by  any  great  change  of  form,  or  certainly  not  more  than 
what  the  oontorted  rocks  all  over  the  world  have  undergone. 

I  am  not,  however,  on  the  present  occasion,  going  to  attempt  to 
prove  that  the  assumption  involved  in  my  hypothesis  is  reasonable. 
How  we  are  to  account  for  all  the  vast  oscillations  of  the  earth's  sur- 
face, which  we  find  to  have  been  going  on  ever  since  the  earliest 
geological  period  up  to  the  present  day,  on  any  assumption  more 
reasonable,  I  will  leave  for  others  to  determine.  I  have  already 
called  attention  to  the  bearing  which  recent  researches  in  Solar 
Physics  have  upon  this  subject ;  and  I  am  content  to  leave  the  matter 
as  it  stands,  in  the  hope  that  before  many  years  have  passed  we  may 
learn  more  either  in  its  proof  or  disproof. 

The  moral  which  I  wish  to  draw  from  all  that  I  have  just  said  is 
this : — that  so  long  as  there  is  a  possibility,  not  to  say  a  proba- 
bility, of  the  geographical  position  of  the  Poles  having  changed,  it 
is  premature  to  invoke  intense  glacial  periods  to  account  for  all  the 
glacial  phenomena  which  may  be  observed.  Much  as  we  must 
esteem  the  labours  of  M.  Adhemar  and  Mr.  Croll,  and  others  who 
have  gone  so  deeply  into  the  question  of  glaciation— enormous  as 
have  been  the  effects  of  ioe  in  this  and  other  countries — there  are 
many  who  cannot  but  feel  that  the  ioe-caps  invoked  almost  transcen 
our  powers  of  belief,  and  who  will  be  grateful  to  any  astronomer  or 
mathematician  who  will  bring  the  pole  round  which  they  were 
generated  somewhat  nearer  to  our  doors. 

*  fyell's  'Principle*'  11th  edition,  vol iii.  p.  200. 
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There  is  yet  one  point  on  which,  before  quitting  the  subject,  I  may 
add  a  few  words.  Sir  J.  W.  Lubbock,  in  the  paper  from  which  I 
have  already  quoted  so  much,  has  hinted  at  the  possibility  of  some 
want  of  homogeneity  in  the  constitution  of  the  globe,  so  that,  in 
cooling,  the  position  of  the  axis  of  rotation  may  have  changed.  The 
varying  amount  of  subterranean  heat  and  volcanic  energy  in  the 
same  region  at  different  periods  of  the  earth's  existence  has  frequently 
been  commented  on,  as  has  also  the  varying  degree  of  subsidence  or 
elevation  in  the  same  tract  at  different  times.  The  forces,  what- 
ever they  may  be,  to  which  these  upward  and  downward  movements 
are  due,  have,  as  Sir  Charles  Lyell  has  remarked,  "  shifted  their 
points  of  chief  development  from  one  region  to  another,  like  the 
volcano  and  the  earthquake,  and  are  all,  in  fact,  the  results  of  the 
Bame  internal  operations  to  which  heat,  electricity,  magnetism,  and 
chemical  affinity  give  rise." 

Whether  changes  in  the  specific  gravity  of  enormous  masses  of  rock 
in  consequence  of  their  being  heated  would  be  of  sufficient  degree 
to  disturb  the  equilibrium  of  the  globe,  is  a  difficult  question ;  but 
the  remarkable  position  of  the  magnetic  poles  of  verticity  with  re- 
gard to  the  actual  poles  of  the  earth,  and  the  distribution  of  the 
magnetic  force  over  the  earth's  surface  may,  as  has  been  suggested 
to  me  by  Capt.  F.  J.  Evans,  F.B.S.,  have  some  geological  signifi- 
cance. These  poles  are  in  lat.  70°  N.,  long.  96  j°  W.,  and  in  lat. 
73|°  S.,  long.  147£°  E.  If  we  draw  a  circle  around  the  globe,  cut- 
ting  these  two  points,  we  find  that  the  magnetic  poles,  instead  of 
being  180°  apart,  are  only  about  165°  distant  in  one  direction, 
while  they  are  about  195°  in  the  other.  In  like  manner  the  mag- 
netic equator,  or  line  of  no  dip,  differs  considerably  in  position  from 
the  terrestrial  equator,  being  drawn  about  15°  to  the  S.  over  South 
America,  and  about  10°  to  the  N.  over  Africa  and  in  passing  the  great 
Asiatic  continent.  There  is  also  this  singular  circumstance,  which 
was  insisted  upon  by  Sir  Edward  Sabine  nearly  forty  years  ago— 
viz.,  that  if  the  globe  be  divided  into  an  Eastern  and  a  Western 
hemisphere  by  a  plane  coinciding  with  the  meridian  of  100°  and 
280°,  the  Western  hemisphere,  or  that  comprising  the  Americas  and 
the  Pacific  Ocean,  has  a  much  higher  magnetic  intensity  distributed 
generally  over  its  surface,  than  the  Eastern  hemisphere,  contain- 
ing Europe  and  Africa  and  the  adjacent  part  of  the  Atlantic 
Ocean.  The  points  of  the  greatest  intensity  of  tho  magnetic 
force,  moreover,  do  not  correspond  with  the  magnetic  poles,  as 
there  are  two  such  foci  in  the  northern  hemisphere  (those  of  Ame- 
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rica  and  Siberia)  making  it  probable  that  there  are  two  also  in  the 
southern  hemisphere. 

Snch  facte  would  seem  more  in  accordance  with  a  want  of  uni- 
formity in  the  inner  constitution  of  the  globe  than  with  there  being  a 
perfect  symmetry  in  the  arrangement  of  all  its  component  parts.  Some 
abnormal  features  in  the  direction  of  gravity  in  different  parte  of  the 
world  seem  also  to  afford  corroborative  evidence  to  the  same  effect. 
The  subject  is  one  of  perhaps  too  theoretical  a  character  for  the 
geologist  to  approach  ;  but  if  any  definite  connexion  could  be  esta- 
blished between  terrestrial  magnetism  and  the  internal  constitution 
of  the  globe,  we  might,  possibly,  be  justified  in  drawing  the  infer- 
ence from  its  phenomena,  that  there  are  forces  in  operation  in  the 
interior  of  the  earth  by  which  its  equilibrium  may  have  been 
disturbed,  and  its  axis  of  revolution  thus  caused  to  change  in 
position. 

It  is,  however,  time  to  turn  to  more  general  considerations. 

With  regard  to  stratigraphical  geology,  the  main  foundations  are 
already  laid,  and  a  great  part  of  the  details  filled  in.  The  tendency 
of  modern  discoveries  has  already  been  and  will  probably  still  be  to 
fill  up  those  breaks  whioh,  according  to  the  view  of  many  though 
by  no  means  all  geologists,  are  so  frequently  assumed  to  exist 
between  different  geological  periods,  and  to  bring  about  a  more  full 
recognition  of  the  continuity  of  geological  time.  As  knowledge  in- 
creases, it  will,  I  think,  become  more  and  more  apparent  that  our 
existing  divisions  of  time  are,  to  a  considerable  extent,  local  and 
arbitrary.  But,  even  when  this  is  fully  recognized,  it  will  still  be 
found  desirable  to  retain  them,  if  only  for  the  sake  of  convenience 
and  approximate  precision. 

Just  as  with  our  ordinary  reckoning  of  time,  we  divide  our  day 
not  only  into  the  larger  and  more  natural  periods  of  morning,  noon, 
afternoon,  and  evening,  but  also  into  the  minor  and  artificial  sub- 
divisions of  hours,  minutes,  and  seconds,  so,  with  geological  time, 
we  divide  it  into  Primary,  Secondary,  Tertiary,  and  Quaternary 
Periods,  or  by  whatever  other  names  we  may  call  them — and  then 
subdivide  these  into  various  minor  periods,  represented  by  the 
different  formations.  We  shall,  I  think,  eventually  more  fully  re- 
cognise that,  as  is  the  case  with  the  periods  of  the  day,  each  of  the 
larger  geological  divisions  follows  the  other  without  any  actual 
break  or  boundary,  and  that  the  minor  subdivisions  are,  like  the 
hours  on  the  clock,  useful  and  conventional  rather  than  absolutely 
fixed   by   any   general   cause   in   Nature.     Had   not  the  ancient 
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Assyrians  been  sufficiently  civilized  to  have  got  beyond  the  decimal 
system,  we  might  have  had  ten  hours  in  oni  day  and  a  hundred 
minutes  in  our  hour;  and  had  the  earlier  geological  investigations 
taken  place  elsewhere  than  in  Western  Europe,  we  might,  not 
improbably,  have  found  the  main  divisions  of  geological  time  as 
well  as  its  subdivisions  somewhat  differently  placed  from  where  they 
are  at  present,  and  are  ever  likely  to  remain. 

With  regard  to  Palaeontology,  though  accuracy  of  observation 
will  ever  remain  absolutely  indispensable,  1  venture  to  prophecy 
that  the  great  work  of  future  Palaeontologists  will  rather  lie  in  still 
further  developing  the  affinities  of  genera,  than  in  merely  recording 
the  minute  distinctions  of  species.  The  discoveries  which  have  of  late 
been  made  have  a  tendency  to  fill  in  the  missing  links  in  the  chain 
of  organic  nature,  and  to  lead  to  the  adoption  of  some  form  of  that 
great  doctrine  of  evolution  which  has  received  so  large  an  amount  of 
support  from  a  former  occupant  of  this  Chair,  to  whom  we  have 
this  day  presented  the  Wollaston  Medal,  Professor  Huxley.  It  is 
highly  probable  that  much  more  will  be  done  in  the  same  direction. 
In  addition  to  what  has  been  effected  by.Mons.  Albert  Gaudry  in  his 
researches  on  the  fossils  of  Pikermi  and  Mont  Leberon,  and  by  Br.  W. 
Kowalevsky  in  his  investigations  of  the  osteology  of  the  Hyopotamidse, 
the  discoveries  of  Professors  Marsh  and  Leidy  in  America  are  doing 
much  towards  illustrating  the  line  of  descent  of  many  of  the  higher 
mammalia.  The  highly  important  paper  communicated  to  us  by 
Prof.  Owen  at  our  last  meeting  gave,  moreover,  no  uncertain  sound 
as  to  the  probable  affinities  between  some  mammalian  and  reptilian 
forms.  On  the  other  hand,  the  Odoniopteryx  toliapicus,  described  by 
Professor  Owen  in  the  pages  of  our  Journal,  and  the  Ichtkyomi*  of 
Professor  Marsh,  and  his  Hesperornis,  with  teeth  in  both  jaws  (not 
in  sockets  like  those  of  Ichthyornis,  but  in  grooves,  as  is  the  ease  with 
Ichthyosaurus),  support  most  strongly  the  conclusions  of  those  who 
had  already  recognized  the  affinity  of  birds  and  reptiles,  and  lead  me 
to  hope  that  speculations  in  which  I  indulged  some  thirteen  years 
ago  with  regard  to  the  ArchcsopUryx  having  been  endowed  with  teeth 
may  eventually  be  confirmed.  I  will  not  attempt  to  enlarge  upon  a 
subject  with  the  details  of  which  I  am  so  imperfectly  acquainted.  A 
very  small  amount  of  knowledge,  however,  suffices  to  convince  an 
impartial  observer  of  the  great  probability  of  all  the  vertebrate  forms 
of  the  present  day  and  those  found  in  the  later  geological  deposits, 
being  the  direct  descendants  of  those  of  earlier  periods. 

If,  as  is  now  undoubtedly  the  case,  we  are  able  to  trace  the  exaot 
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pedigree  of  certain  vertebrate  forms,  it  is  impossible  to  doubt  that 
various  invertebrate  forms  must  in  like  manner  be  derived  by  direct 
descent  from  others  previously  existing.  How  far,  however,  the 
pedigree  of  some  of  the  lower  forms  of  organic  life  may  be  carried 
back  in  geological  time  is  a  question  for  the  future,  on  which, 
no  doubt,  investigations  in  new  fields  of  research  will  ere  long  throw 
light.  Judging  from  what  is  already  known,  it  seems  highly  pro- 
bable that  we  shall,  sooner  or  later,  find  traces  of  life  in  rocks 
which  have  hitherto  been  regarded  as  azoic,  or,  indeed,  are  as 
yet  unknown. 

Should  the  earlier  forms  from  which  the  Crinoids,  Asteriadae,  Mol- 
lusca,  and  Crustacea  of  the  Silurian  age,  the  fishes  of  the  Old  Bed 
Sandstone,  and  the  Saurian  s  of  the  Triassic  and  Mesozoic  strata  are 
descended  be  eventually  discovered,  it  will  cause  less  surprise  to 
many  biologists  than  did  the  assertion,  by  so  accomplished  an  ob- 
server as  the  President  of  the  Geological  Section  of  the  British  As- 
sociation at  the  Bristol  meeting  (Dr.  Wright),  that  "  Palaeontology 
affords  no  support  to  the  hypothesis  which  seeks  by  a  system  of  evo- 
lution to  derive  all  the  variod  forms  of  organic  life  from  preexisting 
organisms  of  a  lower  type." 

With  regard  to  geological  progress  during  the  past  year,  I  must 
first  express  my  regret  that,  owing  to  the  illness  of  Mr.  A.  Everett, 
who,  as  I  mentioned  last  year,  had  kindly  undertaken  the  examination 
of  some  of  the  ossiferous  caverns  of  Borneo,  nothing  has  been  done 
in  that  country.  The  continued  examination  of  Kent's  Cavern  has 
not  brought  any  material  new  facts  to  light;,  but  that  of  the  Settle 
Cave  seems  to  have  confirmed  those  who  have  been  engaged  upon  it 
in  the  belief  that  it  affords  evidence  of  the  existence  of  man  in  this 
part  of  the  world  before  the  great  ice-sheet  of  the  Glacial  Period, 
and  before  the  last  great  submergence  of  the  country.  In  con- 
nexion with  this  case,  there  is  another  interesting  point  to  which 
my  attention  has  been  called  by  Mr.  Tiddeman,  the  separation  of 
the  fauna  containing  the  Reindeer,  and  presumably  significant  of  a 
cold  climate,  by  a  thickness  of  twelve  feet  of  laminated  clay,  stalag- 
mite, &c.  from  that  containing  the  Hippopotamus,  which  may  be 
regarded  as  characteristic  of  a  warmer  climate.  In  connexion  with 
climate,  however,  it  must  be  borne  in  mind  that  the  Beindeer  lived 
down  to  historical  times  in  Scotland.  The  human  fibula,  which  has 
been  determined  by  Professor  Busk,  was  found  in  the  lower  deposits 
associated  with  bones  and  teeth  of  Elephas  antiquus,  Rhinoceros  he- 
mitachuSy  and  Hippopotamus.     It  is  to  be  hoped  that  the  further 
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investigations  still  being  carried  on  may  lead  to  the  discovery  off 
other  human  relica. 

The  first  snb-Wealden  boring,  from  which  sneh  great  hopes 
were  entertained,  has  had  to  be  abandoned;  but,  owing  to  the 
enterprise  of  Mr.  Willett  and  the  Diamond  Boring  Company,  a 
new  bore-hole  has  been  sunk,  which  is  still  in  progress.  The 
depth  attained  is  1875  feet ;  but  the  work  has  lately  been  in- 
terrupted, owing  to  its  haying  been  found  necessary  to  rehne  the 
bore.  This  second  boring  has  served  to  correct  the  opinion  that 
the  Oxford  Clay  had  been  reached  at  a  depth  of  about  1000  feet. 
It  now  appears  that  the  fossils  discovered  down  to  a  depth  of  about 
1760  feet  are  such  as  have  been  hitherto  considered  to  denote  the  Eom- 
meridge  Clay  of  England  and  of  the  Continent.  The  boring  is  now 
in  what  seems  to  be  some  member  of  the  Oolites,  possibly  the  Coral 
Bag ;  and  it  yet  remains  to  be  seen  whether  any  Palaeozoic  rock  will 
be  reached  within  the  limits  of  2000  feet,  to  which  it  is  proposed  to 
carry  on  the  work.  Whatever  other  results  may  accrue,  it  is  some- 
thing to  have  ascertained  that  in  the  centre  of  the  Wealden  area 
there  is  so  large  and  unexpected  a  development  of  the  Eimmeridge 
Clay.  Competent  judges  estimated  that  its  probable  maximum  thick- 
ness at  the  spot  would  not  exceed  800  feet,  but  it  is  actually  of  more 
than  double  the  estimated  thickness.  Such  a  fact  appears  to  me  to 
suggest  that,  at  all  events  in  some  cases,  areas  in  which  the  greatest 
elevation  have  taken  place,  may  also  be  those  which  have  been  equally 
favourable  to  subsidence,  and  that  where  are  now  the  centres  of 
domes  of  elevation  may  at  some  former  period  have  been  the 
deepest  part  of  basins  of  depression.  If  this  has  been  the  case 
in  the  Wealden  area,  it  would  seem  probable  that  it  is  near  its 
margin  rather  than  at  its  centre  that  we  should  expect  to  find  the 
older  rocks  most  nearly  approaching  the  surface.  Such  a  specu- 
lation, however,  unless  corroborated  by  other  examples  of  the  same 
kind,  cannot  be  accepted  as  of  much  value. 

With  regard  to  the  memoirs  communicated  to  the  Society  during 
the  past  year,  I  need  say  no  more  than  that  they  have  been  nume- 
rous and,  in  many  cases,  of  great  interest  and  importance.  The 
Abstracts  of  our  Proceedings,  which  are  now  issued  promptly  after 
each  meeting,  will  have  enabled  all  of  our  Fellows  to  judge  of 
what  has  been  going  on ;  and  it  would  only  be  to  waste  your  time 
to  attempt  to  give  any  other  summary.  We  have  had  Geological 
papers  relating  to  all  the  periods,  from  the  Cambrian  down  to  the 
TKft+^egj^  an(j  PalsBontological  memoirs  of  the  highest  importance ; 
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nor  hare  the  departments  of  Physical,  Chemical,  and  Microscopio 
Geology  been  neglected. 

Of  the  Geological  books  which  hare  appeared  during  the  year, 
it  is  hardly  my  province  to  speak ;  bat  I  think  the  Society  may 
be  congratulated  on  the  publication  of  the  first  volume  of  the 
*  Geological  Record,'  under  the  auspices  of  Mr.  Whitaker,  the  yearly 
volumes  of  which,  as  containing  an  account  of  all  the  works  on 
Geology,  Mineralogy,  and  Palaeontology  published  during  the 
previous  year,  cannot  but  be  of  the  greatest  service. 

There  is  only  one  more  subject  on  which  I  will  say  a  few  words, 
and  which,  as  to  some  slight  extent  involving  a  question  in  which 
I  am  personally  interested,  I  have  kept  for  the  end  of  my  Address. 

It  is  one  to  which  it  appears  probable  that  the  earnest  at- 
tention of  geologists  will  immediately  be  called — namely,  the  water- 
supply  of  this  vast  metropolis.  This  is,  indeed,  not  the  first  time 
that  the  attention  of  this  Society  has  been  called  to  it ;  for  Professor 
Prestwich  devoted  to  it  a  considerable  portion  of  his  Presidential 
Address  in  1872.  It  has  since  been  more  fully  discussed  in  the 
Sixth  Report  of  the  Commissioners  appointed  in  1868  to  inquire 
into  the  best  means  of  preventing  the  pollution  of  rivers,  who  have 
extended  their  inquiries  somewhat  beyond  what  appear  to  be  the 
strict  limits  of  their  Commission.  It  is  with  their  Report  that  I  am 
mainly  concerned. 

The  Commissioners  have  expressed  their  opinion  that  the  rivers 
Thames  and  Lea  (or  Lee,  as  the  word  is  spelt  in  their  Report) 
ought  to  be  abandoned  as  early  us  possible,  and  especially  the 
former,  as  sources  of  supply  to  London.  They  regard  the  condition 
of  these  rivers  as  hopeless,  and  point  out  that  an  abundance  of 
spring-  and  deep-well  water  can  be  procured  in  the  basin  of  the 
Thames  and  within  a  moderate  distance  of  London  ;  and  they  are 
further  of  opinion  that  the  metropolis  and  its  suburbs  should  be 
supplied,  on  the  constant  system,  exclusively  with  this  palatable  and 
wholesome  water. 

They  believe  that  within  40  miles  of  St.  Paul's  a  sufficient 
volume  of  deep-well  and  spring-water  can  be  obtained  for  the 
present  daily  wants  of  the  metropolis,  but  especially  point  to  the 
Chalk  and  Upper  Greensand  above  the  Gault  as  the  sources  of  sup- 
ply. They  state  that  within  30  miles  of  London  there  is  an  area 
of  849  square  miles  "  covered  "  by  these  formations,  and  that  within 
40  miles  radius  the  area  is  1697  square  miles. 
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They  estimate  (to  a  great  extent  guided  by  experiments  carried 
on  during  many  years  under  my  superintendence)  that  the  portion 
of  the  annual  rainfall  upon  this  large  extent  of  porous  rock,  which 
sinks  to  reappear  in  springs  and  streams,  may  be  taken  at  6  inches 
annually,  and  point  out  that  this  amount  of  infiltration  into  the 
Chalk  area  within  30  miles  of  the  metropolis  indicates  the  quantity 
of  202  millions  of  gallons  daily  as  the  theoretical  maximum  supply 
available  from  that  area.  They  suggest  that  the  greater  portion  of  this 
water,  which  now  escapes  in  springs  and  in  the  river-beds  at  the 
lower  levels  of  the  absorbent  district  on  which  it  falls,  might  be 
abstracted  by  a  sufficient  number  of  wells  sunk  below  the  present 
spring-heads  of  the  district,  and  so  constantly  drawn  upon,  that 
there  should  always  be  a  void  for  the  reception  of  unusual  rainfalls 
below  the  level  at  which  the  drainage  of  the  district  naturally 
escapes.  They  incidentally  admit  that  any  water  drawn  from  the 
subterranean  reservoir  in  the  Chalk  by  artificial  means  will  be  at 
the  expense  of  the  streams  which  now  flow  through  the  valleys  in 
the  Chalk  area,  but  do  not  give  even  a  passing  consideration  to 
the  effect  upon  that  area  of  abstracting  from  it  its  natural  supply 
of  water,  and  conveying  it — "convey,  the  wise  it  call" — to  London, 
should  the  scheme  they  advocate  ever  be  carried  into  effect. 

It  can  hardly  be  believed  that  a  proposal  such  as  this,  involving 
the  diversion  of  the  whole  of  the  water  from  the  natural  springs  and 
streams  over  an  area  of  not  less  than  440  square  miles  (an  area 
larger  than  that  of  several  English  counties),  should  have  been 
brought  forward  without  the  slightest  reference  to  what  would  he 
the  result  upon  this  vast  extent  of  country,  the  inhabitants  of  which 
are  to  be  sacrificed  to  the  presumed  needs  of  this  overgrown  city. 
It  will,  I  think,  come  within  the  province  of  the  geologist  to  point 
out  not  only  where  spring-water  of  good  quality  is  to  be  obtained, 
but  also  what  will  be  the  effect  of  its  abstraction  upon  the  districts 
where  it  now  exists  in  sufficient  abundance  to  overflow  into  the 
streams.  It  will  be  for  him  to  show  what  will  be  the  effect  of  pro- 
ducing "  a  void  below  the  level  at  which  the  drainage  of  the  country 
naturally  escapes ; "  how  what  are  now  fertile  and  even  irrigated 
meadows  will  be  converted  into  arid  wastes ;  how  watercress-beds, 
now  of  fabulous  value,  will  be  brought  to  the  resemblance  of  newly 
mended  turnpike-roads ;  how  in  such  a  district  all  existing  wells, 
many  of  them  already  some  hundreds  of  feet  in  depth,  will  be 
dried,  the  mill-streams  disappear,  and  even  the  canals  and  navi- 
gable rivors  become  liable  to  sink  and  be  lost  in  their  beds.     And 
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these  results  would,  if  the  scheme  were  carried  out,  not  be  confined 
to  some  single  spot,  but  would  extend  over  hundreds  of  square  miles. 

It  may  perhaps  be  thought  that  I  am  exaggerating  the  size  of  the 
area,  the  natural  water-supply  of  which  it  is  proposed  to  abstract 
but  the  calculation  may  be  readily  verified. 

The  quantity  of  water  now  daily  supplied  to  London  by  the 
different  water- companies,  exclusive  of  the  Kent  Company  (which 
already  supplies  deep- well  water  to  the  extent  of  9,000,000  gallons 
daily)  is  stated  to  be  104,800,000  gallons.  Now  if  the  supply  of 
6  inches  of  rainfall  per  annum,  absorbed  over  849  square  miles,  be,  as 
the  Commissioners  calculate,  equivalent  to  202,000,000  gallons 
daily,  it  is  evident  that  it  will  require  more  than  half  that  area  to 
furnish  104,800,000  gallons  daily,  the  exact  figures  being  440£  square 
miles. 

.  It  must,  however,  be  remembered  that  the  Commissioners  regard 
this  quantity  as  the  theoretical  maximum  of  water-supply  avail- 
able from  such  an  area.  And  they  are  right  in  so  doing ;  for  in 
some  years  a  far  larger  area  would  have  to  be  exhausted  in  order  to 
produce  so  large  a  water-supply,  since  not  unfrequently  the  quantity 
of  the  rainfall  which  percolates  to  a  depth  of  only  3  feet  into  the 
soil,  instead  of  being  6  inches,  as  supposed  in  the  calculation,  is  as 
low  as  3  inches.  For  three  years  running  I  have  known  the  perco- 
lation through  a  depth  of  3  feet  of  ordinary  soil  covered  with 
vegetation  to  have  been  on  the  average  only  3±  inches,  and 
through  Chalk  under  the  Bame  conditions  less  than  5£  inches.  It 
would  appear,  then,  that  it  would  be  safer  to  regard  the  available 
spring- water  supply  as  not  representing  more  than  4  inches  of  the 
rainfall  per  annum,  instead  of  6  inches,  in  which  case  the  area 
requisite  to  supply  104,800,000  gallons  daily  would  be  660  square 
miles. 

To  avoid  any  possible  error,  let  us  look  at  the  matter  from  another 
point  of  view.  One  inch  of  rain  falling  over  a  statute  acre  produces, 
as  nearly  as  may  be,  100  tons  or  22,400  gallons  of  water.  Dividing 
this  by  30,  as  representing  the  daily  consumption  of  one  person, 
there  would  be  enough  for  one  person  for  743  days,  or,  say,  for  two 
for  one  year.  Four  inches  of  rain  would  render  each  acre  capable 
of  supplying  the  wants  of  eight  persons,  so  that  a  square  mile  of  640 
acres  would  supply  5120  persons  for  one  year.  Calling  the  popu- 
lation of  the  metropolitan  area  4,000,000,  and  dividing  that  number 
by  5120,  we  arrive  at  an  area  of  780  square  miles  as  necessary  tor 
their  Bupply. 
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There  can  therefore  be  no  doubt  as  to  the  vast  extent  of  country 
which  the  proposal  of  the  Commissioners  would  place  under  un- 
natural conditions  with  regard  to  its  springs  and  streams. 

No  doubt  wells  may,  in  some  few  instances,  be  placed  in  such  a 
position  as  to  affect  but  slightly  the  neighbouring  streams.  The 
wells  of  the  Kent  waterworks,  for  instance,  which  supply  9,000,000 
gallons  daily,  are  so  placed  as  mainly  to  derive  their  supply  from 
water  that  would  otherwise  find  its  way  into  the  Thames  by 
springs  along  its  bed ;  indeed,  from  the  amount  of  chlorine  present 
in  the  water,  it  may  be  doubted  whether  some  portion  of  it  is  not 
derived  from  the  Thames  itself  by  nitration  through  the  chalk.  It 
seems  probable  that  in  the  valley  of  the  Thames  immediately  above 
London  there  may  be  spots  from  which  a  limited  supply  of  water 
might  be  pumped  without  much  injury  to  the  neighbouring  pro- 
perty ;  but  a  wholesale  abstraction  of  the  entire  supply  of  spring- 
water  from  an  area  of  even  300  or  400  square  miles  could  not  be 
otherwise  than  most  disastrous. 

On  looking  at  the  actual  chemical  analysis  of  the  waters  supplied 
by  the  different  Companies,  as  furnished  by  the  Commissioners, 
there  would,  at  first  sight,  appear  to  be  some  difficulty  in  under- 
standing their  reasons  for  so  highly  commending  the  Kent  Company1! 
water,  and  so  unhesitatingly  condemning  that  of  the  other  Com- 
panies, if  we  are  to  take  as  our  guide  the  "  previous  sewage  or 
animal  contamination,"  on  which  so  muoh  stress  is  laid.  It  if 
hard  to  comprehend  why,  if  river-  or  flowing  water  which  exhibits 
any  proportion,  however  small,  of  "  previous  sewage  or  animal 
contamination n  is  to  be  regarded  as  suspicious  or  doubtful,  the 
water  in  wells,  say  100  feet  deep,  may  be  allowed  10,000  pints  in 
100,000,  or  1  pint  in  10,  and  may  yet  be  regarded  as  reasonably  safe. 
For  in  these  deep  wells,  if  at  no  great  distance  from  a  river  such  at 
the  Thames,  it  by  no  means  follows  that  there  is  not  some  amount 
of  comparatively  direct  communication  through  which  water  may 
trickle  rather  than  filter ;  and  not  improbably  the  river- water  below 
London  is  more  objectionable  for  drinking  purposes  than  it  is  higher 
up  the  Thames. 

Let  us  for  a  moment  compare  the  "  previous  sewage  or  animal 
contamination "  of  the  water  supplied  by  the  different  Companies 
deriving  their  water  from  the  Thames  and  Lea  with  that  of  the 
Kent  Company's  water.  I  take  the  average  of  the  different  analyses 
oi  each,  as  given  at  p.  270  4  $eqq.  of  the  Beport. 
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West  Middlesex     3*088 

Grand  Junction 3*226 

Bouthwark  and  Vauxhall 2*983 

Lambeth    \ 3*081 

Chelsea 2*786 

New  River  (excluding  1868)  .  2*751 

East  London 2*304 

Average 2*888 

Kent  Company 6*480 

or  upwards  of  twioe  that  of  any  one  of  the  other  Companies. 

In  this  average,  however,  is  included  the  water  from  the  wells  at 
Charlton  and  Belvedere,  both  of  which  are  condemned  by  the  Com- 
missioners. Omitting  these  two,  the  average  is  3*780,  whioh  is 
still  far  higher  than  any  of  the  others. 

If  we  refer  to  the  headings  Organic  Carbon  and  Organic  Nitrogen, 
there  can  be  little  doubt  of  the  superiority  of  the  Kent  Company's 
water;  but  judging  merely  from  the  statistics  under  the  awful  head- 
ing of  "  Previous  Sewage  Contamination,"  that  of  the  River  Com- 
panies seems  the  purest 

Why  the  source  of  supply  from  the  two  rivers  should  be  condemned 
as  hopeless  it  is  very  hard  to  determine.  This  startling  recommenda- 
tion to  give  up  the  supplies  of  water  on  which  London  for  centuries 
has  depended,  is  brought  forward  just  at  a  time  when  the  most 
strenuous  efforts  are  being  made  to  purify  the  rivers  Thames  and 
Lea,  and  but  a  few  years  after  the  Commissioners  on  the  Water 
8upply  of  the  Metropolis,  within  whose  proper  sphere  this  question 
lay,  had  reported  that  with  perfect  nitration  and  efficient  measures 
taken  for  excluding  from  them  the  sewage  and  other  polluting 
matter,  these  rivers  will  afford  water  which  will  be  perfectly 
wholesome  and  of  suitable  quality  for  the  supply  of  the  Metropolis. 

It  is  not  for  me  to  enter  into  the  chemical  part  of  this  question ; 
but  I  may  venture  to  express  a  doubt  whether  considerably  more 
might  not  be  done  by  increased  reservoirs  for  subsidence,  and  by 
artificial  aeration  of  the  water,  in  addition  to  filtration,  so  as  to 
carry  still  further  the  oxidation  of  any  organic  matter  it  may  chance 
to  contain. 

I  have  less  hesitation  in  strongly  insisting  on  the  fact  that,  irre- 
spective of  the  New  River  water,  the  metropolis  is  already  supplied 
with  9,000,000  gallons  per  diem,  or  at  least  2\  gallons  per  head, 
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of  the  deep-well  water  so  highly  commended,  a  quantity  which 
would  seem  amply  sufficient  for  dietetic  and  culinary  purposes.  I 
am,  moreover,  of  opinion  that  the  difficulty  of  distributing  this  water 
over  the  whole  area  by  means  of  a  second  service  distinct  from  that 
of  the  water  for  ordinary  domestic  purposes,  though  great,  is  by  no 
means  insurmountable.  Even  were  the  waters  of  the  Thames  and 
Lea  unfit  for  drinking  purposes,  it  is  very  far  from  being  the  ease 
that  London  is  in  the  same  plight  as  Coleridge's  *  Ancient  Mariner/ 
with 

"Water,  water  everywhere, 
Nor  any  drop  to  drink." 

Enough  is  already  there  for  all  culinary  and  dietetic  purposes, 
could  it  but  be  distributed ;  and  to  lay  out  incalculable  sums  of  money 
and  inflict  incalculable  mischief,  in  order  to  import  chemically  pure 
water  with  which  to  lay  the  dust  in  our  streets,  and  to  flush  our 
sewers,  seems  "  a  multiplying  improvement  in  madness,  and  use 
upon  use  in  folly."  We  might  almost  as  well  import  wine  for  the 
purpose;  and  in  that  case  we  might  find  an  historical  par- 
allel in  the  proclamation  of  Jack  Cade: — "Here,  sitting  upon 
London  Stone,  I  charge  and  command,  that  of  the  City's  cost,  the 
conduits  run  nothing  but  claret  wine  the  first  year  of  our  reign.9 

As  deeply  interested  in  the  water-power  and  general  prosperity 
of  one  of  the  Chalk  valleys  within  the  fated  radius  of  30  miles,  I 
may  have  spoken  strongly  on  this  question,  and  may  not  unfairly 
be  accused  of  having  done  so  from  interested  motives.  No  one, 
however,  can  submit  silently  to  an  insidious  attack  upon  the  property 
which  he  is  fairly  entitled  to  hold ;  and  after  carrying  on  experi- 
ments, for  upwards  of  twenty  years,  as  to  the  percolation  of  water 
to  the  underground  springs  in  a  Chalk  area,  I  may  claim  some 
experience  in  such  a  question,  and  much  doubt  whether  my  judg- 
ment is  seriously  distorted.  Even  should  the  abstraction  of  water 
be  spread  over  a  much  larger  area  than  has  been  supposed,  so 
as  to  reduce  the  amount  conveyed  away  from  any  particular  district, 
or  even  should  the  gross  quantity  required  prove  less  than  supposed, 
it  may  be  left  to  any  one  who  will  take  the  trouble  to  investigate 
the  matter  to  determine  whether  the  effects  if  wider  spread,  or 
somewhat  diminished  in  intensity,  would  be  much  less  injurious. 
Any  injury  from  this  cause  would  moreover  be  felt  with  double 
intensity  at  those  seasons,  which  are  of  by  no  means  unfrequent 
recurrence,  when,  even  without  this  gigantic  artificial  abstraction, 
the  supply  of  water  in  the  upper  portions  of  the  Chalk  district  be- 
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oomee  shorthand  wells  which  during  the  previous  season  may  have 
had  50  or  60  foot  of  water  in  them  run  absolutely  dry. 

It  now  only  remains  for  me  to  thank  the  Council,  the  Officers  of 
the  Society,  and  the  Fellows  at  large  for  the  uniform  kindness  and 
consideration  which  they  have  extended  to  me,  not  only  during  the 
two  years  I  have  had  the  honour  of  being  your  President,  but 
during  the  eight  preceding  years,  during  which  I  was  one  of  your 
Secretaries.  I  look  back  with  pleasure  on  the  prosperity  which, 
during  those  ten  years,  the  Society  has  enjoyed,  a  prosperity  which 
I  hope  may  continue  even  in  a  greater  degree  now  that  I  quit  this 
Chair  in  favour  of  my  old  friend  and  former  fellow  Secretary,  Pro- 
fessor Duncan,  who  is,  in  all  respects,  so  thoroughly  well  qualified 
to  fill  it. 


February  23,  1876. 

Professor  P.  Marti*  Duhcah,  M.B.,  F.R.S.,  President,  in  the  Chair. 

The  Rev.  David  Charles,  B.A.,  D.D.,  Aberdovery,  N.  Wales; 
Thomas  Musgrave  Heaphy,  Esq.,  C.E.,7  Boscobel  Gardens,  Regent's 
Park,  N.W. ;  William  Smethurst,  Esq.,  Langate  House,  Brynn, 
near  Wigan  ;  Edward  Horatio  W.  Swete,  M.D.,  5  Newbold  Terrace, 
Leamington ;  and  John  Thomas  Young,  Esq.,  32  Mount  Street,  E., 
were  elected  Fellows,  and  Prof.  Joseph  Gosselet,  of  Lille,  a  Foreign 
Correspondent  of  the  Society. 

The  List  of  Donations  to  the  Library  was  read. 

The  following  papers  were  read : — 

1.  "  On  the  Greenstones  of  Western  Cornwall."  By  John  Arthur 
Phillips,  Esq.,  F.G.S.,  F.C.S. 

2.  "  On  Columnar,  Fissile,  and  Spheroidal  Structure."  By  the 
Rev.  T.  G.  Bonney,  M.A.,  F.G.S. 


March  8,  1876. 

Professor  P.  Mabtih  Dtocah,  MJB.,  F.R.S.,  President,  in  the  Chair. 

W.  J.  Chetwood  Crawley,  Esq.,  B.A.,  3  Ely  Place  Dublin;  Walter 
Keeping,  Esq.,  Christ's  College,  Cambridge ;  Joseph  Thompson,  Esq., 
Orrell  Hall,  near  Wigan ;  and  William  Walker,  Esq.,  Lendal,  York, 
were  elected  Fellows  of  the  Society. 
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The  list  of  Donations  to  the  library  was  read. 

The  following  communications  were  read : — 

1.  "On  the  influence  of  various  substances  in  accelerating  the 
precipitation  of  Clay  suspended  in  water."  By  Wm.  Ramsay,  Esq*, 
Tutorial  Assistant  in  Glasgow  University  Laboratory.  Communicated, 
with  an  Appendix,  by  Prof.  Ramsay,  F.R.S.,  V.P.G.S. 

2.  "On  some  Fossiliferous  Cambrian  8hales  near  Caernarvon." 
By  J.  £.  Marr,  Esq.  Communicated  by  Prof.  T.  M'Kenny  Hughes, 
F.G.8.     With  an  Appendix  by  Henry  Hicks,  Esq.,  P.G.S. 

8.  "  On  the  occurrence  of  the  Rhaetic  Beds  near  Leicester.9'  By 
W.  J.  Harrison,  Esq.,  F.G.S.,  Curator  of  the  Town  Museum,  Lei- 
cester. 

4.  "  Haematite  in  the  Silurians."    By  J.  D.  Kendall,  Esq.,  F.G.S. 


Maroh  22,  1876. 

Professor  P.  Mabtut  Dukcan,  M.B.,  F.R.S.,  President,  in  the  Chair. 

Frank  Campion,  Esq.,  of  the  Mount,  DufReld  Road,  Derby; 
Henry  J.  Gardiner,  Esq.,  6  Orsett  Terrace,  Hyde  Park,  W. ;  Henry 
Percy  Holt,  Esq.,  9  Cavendish  Road,  Leeds;  Lord  Rosehill,  V.P.S.A., 
76  St.  George's  Square,  S.W., ;  Harold  Underbill,  Esq., B.  A., Pembroke 
College,  Cambridge ;  Frederick  Thomas  Whitehead,  Esq.,  Bradford 
Buildings,  Bolton-ie-Moors ;  and  Thomas  Wrightson,  Esq.,  of  Norton 
Hall,  were  elected  Fellows  of  the  Society. 

The  Lists  of  Donations  to  the  library  and  Museum  were  read. 

The  following  communications  were  read : — 

1.  "On  the  Triassic  Strata  which  are  exposed  in  the  Cliff  Sections 
near  Sidmouth,  with  a  note  on  the  occurrence  of  an  Ossiferous  Zone 
containing  Bones  of  a  Labyrinthodon."  By  H.  J.  Johnston  Lavis, 
Esq.,  F.G.8. 

2.  u  On  the  Posterior  Portion  of  a  Lower  Jaw  of  Lahyrinthodm 
(L.  Lavisi)  from  the  Trias  of  Sidmouth."  By  Harry  Govior  Seeley, 
Esq.,  F.L.S.,  F.G.S.,  Professor  of  Physical  Geography  in  Bedford 
College,  London. 

3.  "On  the  Discovery  of  Mehniies  in  Britain."  By  Walter 
Keeping,  Esq.    Communicated  by  Prof.  T.  MeKenn  v  Hughes,  F.GJS. 

4.  "  Note  on  the  Phosphates  of  the  Lanrentian  and  Cambrian 
Rocks  of  Canada."    By  Principal  Dawson,  LL.D.,  F.R.S.,  F.G.8. 
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u  Inside  the  harbour  of  Karavossera,  about  150  yards  north  from 
the  shore,  exists  a  crater  of  which  has  a  depth  of  2  yards  and  4  feet 
(sic  in  orig.).  Bound  the  crater,  for  a  distance  of  about  50  yards, 
there  is  a  depth  of  3  to  3|  yards ;  it  then  increases  one  yard. 

44  Two  eruptions  hare  taken  place— one  in  November  1847,  the 
other  in  February  1865.  All  the  fish  and  shell-fish  were  destroyed, 
and  sulphur  issued  from  the  crater,  which  covered  the  sea  as  far  as 
Pre  visa. 

"  The  smell  of  sulphur  lasted  for  five  months ;  and  at  present  the 
bottom  of  the  sea  is  corered  with  crushed  shells.  Sulphur,  however, 
continues  to  flow  from  the  crater,  and  this  more  clearly  observable 
when  the  south  winds  blow. 

44  It  is  also  proved  by  nahing^instruments  that  have  been  left  there 
for  several  hours ;  for  when  withdrawn  they  are  found  to  be  covered 
with  sulphur. 

(Signed)  w  A.  Miaulis, 

*4  Sub-Coptm*." 

2.  "The  Physical  History  of  the  Dee,  Wales."  By  Prot  A-  C. 
Ramsay,  LL.D.,  F.RJ3.,  V.P.G.8. 

3.  "  On  the  Ancient  Volcano  of  the  District  of  Schemnitz,  Hun- 
gary."   By  John  W.  Judd,  Esq.,  F.G.8. 

A  series  of  rocks  from  the  Schemnitz  district  was  exhibited  by 
J.  W.  Judd,  Esq.,  in  illustration  of  his  paper. 


May  10, 1876. 

Prof.  P.  Maxtor  Dtocah,  M.B.,  FJLS.,  President,  in  the  Chair. 

W.  Borrer,  Esq.,  Jun.,  Aasoc.Inst.CE.,  Cowfold,  Horsham,  Sus- 
sex ;  James  r Anson,  Esq.,  of  Fairfield  House,  Darlington ;  John 
William  James,  Esq.,  Kimberley,  Diamond  Fields,  South  Africa; 
Mark  Stirrup,  Esq.,  14  Atkinson  Street,  Manchester;  and  Charles 
Wilkinson,  Esq.,  Government  Geologist,  New  South  Wales,  were 
elected  Fellows  of  the  Society. 

The  Lists  of  Donations  to  the  library  and  Museum  were  read. 

The  following  communications  were  read : — 

1.  "  On  some  Fossil  Beef-building  Corals  from  the  Tertiary  de- 
posits of  Tasmania."  By  Prof.  P.  Martin  Duncan,  M.B.,  F.R&, 
President. 

2.  "On  the  Echinodermata  of  the  Australian  Cainozoic  (Tertiary) 
Deposits."    By  Prof.  P.  Martin  Duncan,  M.B.,  F.R.S.,  President. 

i?  3*  » O*  the  Miocene  Fossils  of  Haiti."    By  R.  J.  Lechmere  Guppy, 
**q.,  F.L.S.,  F.G.8.  rr 
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The  following  specimens  were  exhibited : — 

The  first  Gold  Nugget  received  from  Australia ;  exhibited  by  Prof. 
Tennant,  F.G.S. 

Photographs  of  sections  of  Boulder-clay  at  York;  exhibited  by 
Henry  Woodward,  Esq.,  F.R.S.,  F.G.S. 

Specimens  of  Tasmanian  fossil  Corals  and  Australian  fossil  Echi- 
noderms;  exhibited  by  Prof.  Duncan,  F.R.S.,  P.G.8.,  in  illustration 
of  his  papers. 


May  24,  1876. 

Prof.  P.  Mxrtts  Dtocak,  KB.,  F.R.S.,  President,  in  the  Chair. 

John  Coates,  Esq.,  AssocInst.C.E.,  30  Great  George  Street, 
Westminster,  8.W.;  William  Gunn.,  Esq.,  of  H.M.  Geological 
Survey,  Museum,  Jermyn  Street,  8.W.;  and  Thomas  Routledge, 
Esq.,  Sunderland,  were  elected  Fellows  of  the  Society. 

The  Lists  of  Donations  to  the  Library  and  Museum  were  read. 

The  following  communications  were  read : — 

1.  "Sur  les  anciens  Glaciers  du  revere  septentrional  des  Alpes 
Suisses."    Par  M.  Alphonse  Favre,  Professeur,  F.M.G.8. 

M.  Favre  donne  des  explications  sur  une  carte  au  8gJ000»,  qui 
n'est  pas  encore  achevee,  et  sur  laquelle  il  a  represents  Fespace 
occupe*  par  les  anciens  glaciers  de  la  Suisse  lors  de  leur  grande  ex- 
tension. Cette  carte  differe  de  celles  qui  ont  ete  precedemment 
publiees  par  sa  grandeur  et  par  ce  que  certaines  parties  ont  e'te 
tracees  d'apres  des  documents  nouveaux  reunis  depuis  1867,  epoque 
a  laquelle  M.  B.  Studer,  M.  L.  Soret,  et  lui  ont  public  un  '  Appel 
aux  Suisses,'  pour  la  conservation  des  blocs  erratiques.  Differents 
couleurs  ou  signes  conventionnels  representent  sur  cette  carte  les 
neves,  les  glaciers,  le  terrain  glaciaire,  les  blocs  erratiques  et  les 
moraines. 

Dans  chacun  des  grands  glaciers  actuels  on  peut  reconnaitre  deux 
parties :  Tune  est,  dans  la  region  supe'rieure,  le  glacier  reservoir  ou 
glacier  d' alimentation ;  l'autre  est,  dans  la  region  inferieure,  le  glacier 
d'ecoulement.  En  adoptant  cette  division  pour  les  anciens  glaciers 
on  trouve  pour  le  glacier  du  Rhone  et  pour  le  glacier  du  Rhin  que 
le  glacier  d'ecoulement  qui  occupait  la  plaine,  avait  une  surface  a 
pen  pres  egale  au  glacier  d'alimentation  qui  se  trouvait  dans  les 
montagnes. 

M.  Favre  presente  des  tableaux  ou  des  chiflres  ranges  en  colonnes 
indiquent  quelques-uns  des  nombreux  points  des  Alpes,  du  Jura,  et 
de  la  Souabe,  ou  on  a  constate'  le  ph^nomene  erratique  des  glaciers 
du  Rhdne  et  du  Rhin.     On  peut  voir  sur  ces  tableaux  la  hauteur 
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rdm,  one  Fa  dit  hL  Bemoit  ;  ks  glaciers  dm  Jura  so  son*  < 
de  porter  as  km  let  blocs  erratiqaes  alpine.  2*  do  T« 
des  senses  de  la  smrJmee  smpeiiemre  des  glaciers,  qafeiles 
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Am  Calaada,pres  de  Code,  am  tromve  des  blocB  emtkgoes,  qmi 
paraioBBmt  etre  a  mm  mum  pins  eleve  qme  eelui  atterat  em  aaaomt 
park  glacier.  Cette  obecrvatioa  pent  tea  exphqnec  par  mm  j  msmwi 
qmi  se  serait  forme  dams  le  reader,  et  qui  sursit  eleve  la  giaeo  a  mme 
fwilsii  hamtemi  amr  mne  Aendne  restreinte. 

Let  glaciers  de  la  Seriate  tomchaiomt  pies  de  Lyon,  Ion  do  kmr 
grmmde  extension,  a  ceux  dea  smontagnes  dm  centre  do  la  France,  ik 
ae  joigmsifsit  *  eemx  dm  Jura,  de  k  Foret  Noire,  dea  Alpea  Asrtrichi- 
emmea  et  TtaKwimea ;  ik  r*etendaient  de  k  plain*  dn  Fd  a  eeDe  do 
Danube ;  il  y  avait  done  mm  espaee  fort  considerable  oecape  par  lei 
glaees  de  ees  diBerents  pays ;  do  pins,  ik  presentnient  amr  des  lon- 
gueurs de  50  om  de  100  sjlosaetres  one  pente  vokme  de  ntorison- 
tattle.  Be  ieasesmbkaent  done  anx  glaciers  do  rmterienr  du  Grocn- 
ki»d  oufo8pitxberg,autantqutopeut  en  jnger  parks  descriptions 
de  ess  pays  pom  cannon. 

DlBCCSSIOS. 

Prof.  Ramsay  remarked  upon  the  broad  view  taken  by  the  author 
with  regard  to  the  glscistion  of  the  Alps.  He  agreed  with  M.  Fsvre 
that  in  the  old  time,  when  the  Alpine  glaciers  attained  their  greatest 
msguitnde,  there  was  no  distinction  between  them  and  the  glaciers 
of  the  Jars,  He  ^"»^  to  have  been  the  first  to  point  oat  indica- 
tions of  glacial  action  in  the  Black  Forest,  the  existence  of  which 
implied  the  presence  of  glaciers  on  the  Jnra ;  and  no  doubt  those 
mountains  were  high  enough  to  have  independent  glaciers  of  their 
own.  During  the  height  of  the  glacial  epoch  the  whole  Alpine 
region  was  covered  with  snow  and  ice ;  and  this  covering  must  have 
extended  far  to  the  north,  more  or  less  implicating  the  regions  of 
the  Black  Forest  and  the  Vosges.  When  the  glacial  epoch  ap- 
proached its  close  the  glaciers  began  to  be  specialised  in  the  great 
valleys  of  the  Alps ;  and  in  the  case  of  the  great  glacier  of  the 
Rhone,  which  had  abutted  on  the  Jura,  and  that  of  the  Rhine,  which 
had  descended  into  the  plains  of  Bavaria,  their  individuality  began 
to  be  recognizable. 

Rev.  T.  0.  Bohket  thought  that  the  proof  of  the  existence  of  these 
great  ice-sheets  among  the  Alps  showed  that  there  was  no  occasion 
to  assume  the  existence  of  a  great  general  ice-sheet.  He  remarked 
that  if  so  much  of  the  mountain  district  were  covered  with  neve\  the 
erosion  could  be  very  little ;  and  yet  many  lakes,  and  especially  the 
long  and  narrow  lake  of  Brienx,  are  situated  in  the  districts  repre- 

*""*  ~*  covered  with  neve*. 
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f  Mr.  Hoggbldgb  stated  that  he  had  traced  glacier  action  on  the 
Maritime  Alps,  and  found  abundant  proofs  that  in  old  days  glaciers 
descended  to  the  level  of  the  present  Mediterranean  near  Mentone. 

Prof.  Anstkd  remarked  upon  the  grandeur  of  the  operations  re- 
ferred to  in  M.  Favre's  paper,  and  especially  upon  the  fact  of 
materials  having  been  pushed  along  in  part  for  a  distance  of  some 
fifty  miles  upon  a  nearly  horizontal  surface.  Of  the  former  exten- 
sion of  glaciers  there  could  be  no  doubt;  but  the  more  precise  our 
observations  become,  the  more  do  they  tend  to  reduce  the  dimensions 
of  that  great  ice-sheet  the  existence  of  which  has  been  assumed. 

Mr.  F.  Drew  did  not  think  that  the  line  between  the  neve*  and 
flowing  ice  could  be  drawn  hard  and  fast  across  the  glaciers,  but 
was  rather  a  contour  line  on  the  surface.  He  was  glad  to  find  that 
such  great  thicknesses  were  accepted  for  the  ice,  as  these  observa- 
tions seemed  to  confirm  some  of  his  own  made  among  the  Himalayas, 
where  he  found  evidence  of  a  thickness  of  5000  feet,  but  was  led 
to  doubt  the  accuracy  of  his  observations,  because  he  could  hardly 
imagine  that  the  ice  could  have  attained  such  an  enormous  bulk. 

The  Author,  in  reply  to  Mr.  Drew,  said  that  he  did  not  affirm 
that  any  hard  and  fast  line  could  be  drawn,  but  the  distinction  was 
adopted  as  a  matter  of  convenience. 

The  President  remarked  that,  before  admitting  the  spread  of  ice 
all  over  Switzerland,  we  must  consider  the  biological  evidence,  which 
seemed  to  prove  that  there  must  have  been  water  and  land  in  Swit- 
zerland even  during  the  greatest  glaciation  of  that  country.  From 
a  physical  point  of  view  also  we  must  consider  that  while  we  are 
called  upon  to  believe  that  the  ice  produced  considerable  grinding  of 
the  surface,  it  is  certain  that  the  movement  of  a  glacier  upon  its  bed 
is  dependent  upon  the  sinking  through  it  of  water,  the  presence  of 
which  was  hardly  compatible  with  the  prevalence  of  so  great  a 
degree  of  cold  as  is  implied  by  the  supposed  conditions  of  the  glacial 
epoch. 

2.  "Evidences  of  Theriodonts  in  Permian  deposits  elsewhere 
than  in  South  Africa."    By  Prof.  R.  Owen,  C.B.,  F.B.S.,  F.G.S. 


The  Earl  of  Enotbkillen  stated  that  when  Prof.  Agassiz  first 
came  to  England  he  employed  Mr.  Dinkel  to  draw  the  fossil  fishes, 
and  obtained  the  fine  collection  of  drawings  which  was  subsequently 
presented  to  the  Geological  Society  by  the  late  Earl  of  Ellesmere. 
By  a  special  arrangement,  Lord  Enniakillen  and  Sir  Philip  Egerton 
paid  for  those  drawings  which  were  made  from  each  other's  col- 
lections, the  drawings  remaining  their  property.  In  this  way  Lord 
Enniskillen  is  the  possessor  of  those  drawings  which  were  made  for 
Professor  Agassiz  from  Sir  Philip  Egerton's  collections ;  and  it  was  his 

vol.  txxtt.  fc 
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intention  to  leave  them  by  his  will  to  the  Geological  Society,  in  order 
that  they  might  be  added  to  the  set  already  in  the  Society's  pos- 
session. Owing  to  the  almost  total  failure  of  his  eyesight,  the 
drawings  in  Lord  Enniskillen's  possession  are  now  qniie  useless  to 
him ;  and  he  proposed  to  present  them  to  the  [Society  before  the 
commencement  of  the  next  Session. 

The  Pbbsh>bht  offered  the  thanks  of  the  Society  to  Lord  Emu*- 
killen  for  his  intended  present,  and  at  the  same  time  gave  expres- 
sion to  its  regret  at  the  cause  of  his  Lordship's  determination. 


June  7th,  1876. 
Prof.  P.  Mabttjt  Duncan,  M.B.,  F.R.S.,  President,  in  the  Chair. 

John  Thomas  Atkinson,  Esq.,  Selby,  Yorkshire ;  Edmund  (lark, 
Esq.,  B.A.,  B.Sc.,  York,  and  Street,  Somersetshire ;  Frederick  Deny, 
Esq.,  31  and  82  Upper  Hockley  Street,  Vyse  Street,  Birmingham; 
Walter  Soper  Gervis,  M.D.,  West  Street,  Ashburton,  Devon ;  Thomas 
Jones,  Esq.,  jun.,  2  Gytha  Square,  Newport,  Monmouthshire ;  Bald- 
win Latham,  Esq.,  MJnst.CE.,  7  Westminster  Chambers,  Victoria 
Street,  S.W.,  and  Parkhill  Rise,  Croydon;  and  Edward  Sewefl, 
Esq.,  M.A.,  Ilkley  College,  near  Leeds,  were  elected  Fellows  of  the 
Society. 

The  list  of  Donations  to  the  Library  was  read. 

The  following  names  of  Fellows  of  the  Society  were  read  out  lor 
the  second  time,  in  conformity  with  the  Bye  Laws,  Sect.  VL  Art  8, 
in  consequence  of  the  non-payment  of  the  arrears  of  their  contri- 
butions : — 8.  J.  Mackie,  Esq. ;  T.  A.  Masey,  Esq. ;  J.  W.  Orchard, 
Esq.;  T.  Bichards,  Esq.;  Rev.  T.  Nicholas;  T.  Page,  Esq.;  Rev. 
A.  G.  H.  Harding. 

The  following  communications  were  read : — 

1.  "  On  the  British  Fossil  Cretaceous  Birds."  By  Harry  Govier 
Seeley,  Esq.,  F.L.S.,  F.G.S.,  Professor  of  Physical  Geography  in 
Bedford  College,  London. 

2.  "  On  two  Chimseroid  Jaws  from  the  Lower  Greensand  of  New 
Zealand."  By  E.  T.  Newton,  Esq.,  F.G.S.,  of  H.  M.  Geological 
Survey. 

3.  "  On  a  Bone-bed  in  the  Lower  Coal-measures,  with  an  enume- 
ration of  the  Fish-remains  of  which  it  is  principally  composed."  Br 
J.  W.  Davis,  Esq.,  F.L.S.,  F.G.S. 

4.  "  Note  on  a  Species  of  Foraminifera  from  the  Carboniferous 
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formation  of  Sumatra."    By  M.  Jules  Huguenin.    Communicated 
by  Prof.  Ramsay,  F.R.S.,  V.P.G.8. 

5.  "  On  the  Triassic  Rocks  of  Somerset  and  Devon."  By  W.  A  E. 
Ussher,  Esq.,  F.G.S. 

The  following  specimens  were  exhibited : — 

Fossils  from  Glyn  Ceiriog ;  exhibited  by  the  Rev.  J.  Peter,  F.G.S. 

Flint  implements ;  exhibited  by  J.  Evans,  Esq.,  F.R.S.,  F.G.S. 

Model  of  New  Zealand ;  exhibited  and  presented  by  Dr.  J.  Hector, 
F.R.S.,  F.G.S. 

Specimens  in  illustration  of  their  papers  were  exhibited  by 
E.  T.  Newton,  Esq.,  J.  W.  Davis,  Esq.,  H.  G.  Seeley,  Esq.,  and 
M.  J.  Huguenin. 


June  21, 1876. 

Prof.  P.  Mabtin  Dtocajt,  M.B.,  F.R.S.,  President,  in  the  Chair. 

Hector  Maclean,  Esq.,  112  Earl's  Court  Road,  S.W.,  and 
Samuel  Trickett,  Esq.,  4  Springfitld,  Upper  Clapton,  E.,  were 
elected  Fellows,  and  Dr.  L.  Rutimeyer,  of  Basle,  a  Foreign  Corr 
respondent  of  the  Society. 

The  last  of  Donations  to  the  Library  was  read. 

The  following  communications  were  read : — 

1.  "  On  the  Ice-Fjords  of  North  Greenland  and  on  the  Formation 
of  Fjords,  Lakes,  and  Cirques  in  Norway  and  Greenland."  By 
M.  A.  Helland.  Communicated  by  Prof.  A.  C.  Ramsay,  F.R.S., 
Y.P.G.S. 

2.  "  On  the  Drift  of  Brazil."  By  C.  Lloyd  Morgan,  Esq.,  F.G.S., 
Assoc.R.S.M. 

The  author  described  the  position  and  mode  of  occurrence  of  large 
boulders  of  gneiss  and  granite  in  the  red  drift  of  Brazil  and  on  the 
slopes  of  hills  even  at  considerable  elevations,  and  stated  that,  like 
Professor  Agassiz,  he  could  not  see  how  these  could  have  been  trans- 
ported to  their  present  positions  except  by  the  agency  of  ice.  At 
the  same  time  he  stated  that  none  of  these  boulders  exhibit  any 
glacial  scratches,  nor  are  any  such  markings  perceptible  on  exposed 
rock-surfaces.  The  author  remarked  with  regard  to  the  great 
glacier  which  Prof.  Agassiz  imagined  to  have  filled  the  valley  of  the 
Amazons,  that  the  Andes,  from  which  he  supposed  it  to  have  come, 
are  more  than  1500  miles  from  Rio,  and  that  right  across  the  country 
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there  stretches  an  almost  continuous  series  of  mountains  and  hills. 
For  his  own  part  he  is  inclined  to  believe  that  the  drift,  if  of  glacial 
origin,  was  not  formed  by  glaciers  taking  their  rise  in  any  of  the 
peaks  indicated  by  him,  but  by  an  almost  universal  South- 
American  ice-sheet. 

3  "Recent  Glacial  and  Aqueous  Action  in  Canada  and  the 
Drift-Uplands  of  the  Province  of  Ontario."  By  the  Rev.  William 
Bleasdell.    Communicated  by  the  President. 

4.  "The  Glacial  Climate  and  the  Polar  Ice-cap."  By  Joseph 
John  Murphy,  Esq.,  F.G.8. 

5.  "  On  the  discovery  of  Plants  in  the  Lower  Old  Bed  Sandstone 
of  the  Neighbourhood  of  Callander."  By  R.  L.  Jack,  Esq.,  F.G.S., 
and  R.  Etheridge,  Esq.,  Jun.,  F.G.8.,  of  the  Geological  Survey  of 
Scotland. 

6.  "  On  an  adherent  Form  of  Produdus  and  a  small  Spiriforina 
from  the  Lower  Carboniferous  Limestone  Group  of  the  East  of 
Scotland."  By  B.  Etheridge,  Esq.,  Jun.,  F.G.8.,  of  the  Geological 
Survey  of  Scotland. 

7.  "  Notice  of  the  Occurrence  of  Remains  of  a  British  fossil  Zeu- 
glodon  (Z.  Wanklyni,  Seeley)  in  the  Barton  Clay  of  the  Hampshire 
coast"  By  Harry  Govier  Seeley,  Esq.,  F.L.S.,  F.G.S.,  Professor  of 
Physical  Geography  in  the  Bedford  College,  London. 

8.  "On  the  Remains  of  Emys  Tiordwdlensis,  from  the  Lower 
Hordwell  beds  in  the  Hordwell  Cliff,  contained  in  the  Woodwardian 
Museum  of  the  University  of  Cambridge."  By  Harry  Govier  Seeley, 
Esq.,  F.L.S.,  F.G.8.,  Professor  of  Physical  Geography  in  the  Bedford 
College,  London. 

9.  "  On  an  associated  Series  of  cervical  and  dorsal  Vertebra  of 
Pdyptychodon  from  the  Cambridge  Upper  Greensand  in  the  Wood- 
wardian Museum  of  the  University  of  Cambridge."  By  Harry  Go- 
vier Seeley,  Esq.,  F.L.S.,  F.G.S.,  Professor  of  Physical  Geography 
in  the  Bedford  College,  London. 

10.  "  On  CrocodUus  icenicus  (Seeley),  a  second  and  larger  Spe- 
cies of  Crocodile  from  the  Cambridge  Upper  Greensand  contained  in 
the  Woodwardian  Museum  of  the  University  of  Cambridge."  By 
Harry  Govier  Seeley,  Esq.,  F.L.S.,  F.G.S.,  Professor  of  Physical 
Geography  in  the  Bedford  College,  London. 

11.  "  On  Macrurosaurussemnus  (Seeley),  a  long-tailed  animal  with 
procoelous  vertebrae,  from  the  Cambridge  Upper  Greensand,  preserved 
in  the  Woodwardian  Museum  of  the  University  of  Cambridge."  By 
Harry  Govier  Seeley,  Esq.,  F.L.S.,  F.G.8.,  Professor  of  Physical 
Geography  in  the  Bedford  College,  London. 
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12.  "On  the  Mechanism  of  production  of  Volcanic  Dykes  and  on 
ttiose  of  Monte  Somma."    By  R.  Mallet,  Esq.,  F.R.S.,  F.G.S. 

1.3.  "  On  the  Metamorphic  Rocks  surrounding  the  Land's  End 
of  Granite."    By  S.  AUport,  Esq.,  F.G.S. 


14.  "  On  the  Relation  of  the  Upper  Carboniferous  Strata  of  Shrop- 
sliire  and  Denbighshire  to  Beds  usually  described  as  Permian."  By 
1>.  C.  Davies,  Esq.,  F.G.S. 

15.  "Notes  on  the  Physical  Geography  and  Geology  of  North 
Gippsland,  Victoria."    By  A.  W.  Howitt,  Esq.,  F.G.S. 

16.  "Further  Notes  on  the  Diamond  Fields  &c.  of  South  Africa." 
~&y  E.  J.  Dunn,  Esq.    Communicated  by  Prof.  A.  C.  Ramsay,  F.R.S. 

17.  "  On  Chesil  Beach,  Dorsetshire,  and  Cahore  Shingle  Beach,  co. 
^Wexford."  By  G.  H.  Kinahan,  Esq.,  M.R.I.A.,  <fcc.  Communicated 
"by  Prof.  Ramsay,  F.R.S.,  V.P.G.S. 

18.  "  Some  recent  Sections  near  Nottingham."  By  the  Rey.  A. 
Irving,  B.A.,  B.Sc.,  F.G.S. 

19.  "  On  the  Permians  of  the  North-east  of  England  and  their 
Relations  to  the  under-  and  overlying  Formations."  By  E.  Wilson, 
Esq.,  F.G.S. 

20.  "The  Section  at  High  Force,  Teesdale."  By  C.  T.  Clough, 
Esq.,  B.A.,  F.G.S. 

21.  "  The  Distribution  of  Flint  in  the  Chalk  of  Yorkshire."  By 
J.  R.  Mortimer,  Esq.    Communicated  by  W.  Whitaker,  Esq.,  F.G.S. 

The  author  thinks  that  the  form  of  the  Wolds  suggests  that  they 
are  the  remains  of  an  atoll  or  reef.  He  divides  the  Chalk  into  flint- 
bearing  (up  to  400  feet  thick)  and  flintless  (up  to  800  feet  thick), 
notices  the  distribution  and  characters  of  the  flints,  and  concludes 
that  the  divisions  are  not  successive,  but  of  the  same  age,  the 
running-out  of  the  flint  taking  place  horizontally  and  not  vertically. 
The  chalk  without  flints  contains  4*28  per  cent,  of  silica,  the  chalk 
with  flints  2£  per  cent.  A  boring  at  Hornsea  passed  through 
108  feet  of  Drift  and  800  feet  of  Chalk  to  blue  clay. 

22.  "On  the  Mode  of  Occurrence  and  Derivation  of  Beds  of 
Drifted  Coal  near  Corwen,  North  Wales."  By  D.  Mackintosh,  Esq., 
F.GJ3. 

23.  "  The  Cephalopoda-beds  of  Gloucester,  Dorset,  and  Somerset." 
By  J.  Buckman,  Esq.,  F.G.S. 

24.  "Evidence  of  the  Subsidence  of  the  Island  of  Guernsey." 
By  R.  A.  Peacock,  Esq.,  C.E.,  F.G.S. 
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[The  fossil*  referred  to  are  described ;  and  those  of  which  the  names  are  printed 
in  italics  are  also  figured.] 


Acanthodee  Wardi,  335. 

Adamello  group,  analysis  of  tonalite 
of  the,  309. 

JEglina  Hughesii,  138. 

Afon  Trystion,  section  along  the  Tal- 
ler of  the  Dee  through,  228. 

Agglomerate,  spheroidal  structure  in, 
at  Burntisland,  150. 

Agglomerates  of  the  Schemnitz  dis- 
trict, 294. 

Aitken,  John,  Esq.,  observations  on 
the  unequal  distribution  of  drift  on 
opposite  sides  of  the  Pennine  chain 
in  the  country  about  the  source  of 
the  Calder,  with  suggestions  as  to 
the  causes  which  led  to  that  result, 
together  with  some  notices  on  the 
high-level  drift  in  the  upper  part 
of  the  valley  of  the  river  Irwell, 
184. 

Alga),  Prof.  Duncan  on  some  unicel- 
lular, parasitic  within  Silurian  and 
Tertiary  corals,  with  a  notice  of 
their  presence  in  Calceola  sanda- 
tew,  205. 

Allport,  8.,  Esq.,  on  the  metamorphic 
rocks  surrounding  the  Land's-End 
mass  of  granite,  407. 

Alluvial  deposits,  Mr.  Worth  on  cer- 
tain, associated  with  the  Plymouth 
limestone,  236. 

Alpes  Suisses,  Prof.  A.  Favre  sur  les 
anciens  glaciers  du  revers  septen- 
trional des,  Proc.  125. 

Alps,  section  from  the,  to  Brighton, 
New  Zealand,  54. 

Amphiccelian  vertebra*,  44. 

Analyses  of  slates  of  the  Lake-district, 
vol.  xxxn. 


5 ;  of  altered  Skiddaw  slates,  quartz 
felsite,  syenitio  granite,  and  altered 
ash,  22;  of  altered  crystalline  rocks 
from  the  Pemance  district,  162 ;  of 
crystalline  slaty  rocks  from  Western 
Cornwall,  166 ;  of  volcanic  rocks  of 
Schemnitz,  303;  of  the  syenite  of 
Hodritsch,  "  greenstone-trachyte  " 
of  Gelnerowsky  Wrch,  and  horn- 
blende-andesite  of  Rybnik,  308 ;  of 
the  dacite  of  Kis  Sebes,  banatite  of 
Szaska,  tonalite  of  the  Adamello 
group,  and  quartziferous  horn- 
blende-andeeites  of  the  Euganean 
hUls,  309. 

Analysis  of  rock  from  Chapel  rock, 
164 ;  of  crystalline  rock  from  New- 
lyn,  167 ;  of  hornblende  from  Bo- 
tallack,  167;  of  crystalline  rook 
from  Pendower  Cove,  171 ;  of  green- 
stone from  near  Camborne,  174;  of 
greenstone  from  Newlyn  East,  175 ; 
of  elvan  from  near  St  Stephens,  176. 

Andesite,  hornblende-,  of  Rybnik, 
analysis  of;  306. 

Andesites,  quartziferous  hornblende-, 
of  the  Euganean  Hills,  analysis  of, 
309. 

Andesitic  rocks  of  the  Schemnitz  dis- 
trict, 295. 

Anglesey,  Prof.  Ramsay  on,  116. 

Anniversary  Address  of  the  President, 
Proc.  53-121.  See  also,  Evans, 
John,  Esq. 

Annual  Report  for  1875,  Proe.  1 5. 

Antler,  implements  of,  from  the 
Robin-Hood  Ca>e,  Creswell  Crags, 
249. 
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Aplite  forming  a  vein  in  gneiss  at 
Schuttrisberg,  320. 

Arachnids,  fossil,  of  t!  e  PaUeoxoic 
rocks,  63. 

Arcksocidaris  UrU,  39. 

Archaotpkerm*,  73. 

Arts,  submarine  crater  within  the  har- 
bour of  Karavossera,  in  the  Gulf  of, 
Proc.  113. 

Arvioola  amphibia,  occurrence  ot  in 
the  Robin-Hood  Cave,  Creswell 
Cran,  247,  249. 

Ash,  altered,  analysis  of,  22. 

Astrocrinilea,  Mr.  R.  Etheridge,  jun., 
on  the  occurrence  of  the  genua,  in 
the  Scotch  Carboniferous  Limestone, 
103. 

AMrocrinUe*  Benniei,  105. 

Augite  andesites  of  Sohemnits,  analy- 
sis of,  303,  304. 

Australian  seas,  Cainozoic  physical 
geography  of  the,  345. 

Bala  lake,  section  of  the  valley  of  the 
Dee  through  the,  228. 

Ralliway  Bigg*  hypersthenite  o£  21. 

Banatite  of  Ssasta,  analysis  of,  309. 

Barton  clay,  Prof,  H.  G.  Seeley  on 
the  occurrence  of  a  British  fossil 
Zeuglodon  in  the,  of  the  Hamp- 
shire coast,  429. 

Basalt,  spheroidal  structure  in,  150, 
151 ;  thinning  out  of  the,  at  the 
High  Force,  4*0. 

Basalts  of  the  Schemnits  district, 
301. 

Batkygnatkus  boreahs,  360. 

Bear,  Drown,  occurrence  of,  in  the 
Robin-Hood  Gave,  Creswell  Crags, 
247,24a 

,  grizzly,  occurrence  of,  in  the 

Robin-Hood  Cave,  247,  248. 

Beer  Head,  section  from  Sidmouth  to, 
276. 

Belt,  Thomas,  Esq.,  the  drift  of  Devon 
and  Cornwall,  its  origin,  correla- 
tion with  that  of  the  south-east  of 
England,  and  place  in  the  Glacial 
series,  80. 

Bettany,  G.  T.,  Esq.,  on  the  genus 
Merycockaru*  (family  Oreodonti- 
das),  with  descriptions  of  two  new 

Xies,  259. 
British  fossil  cretaceous,  Prof. 
H.  G.  Seeley  on  the,  496. 
Bison  priscus  m  the  Robin-Hood  Gave, 

Creswell  Crags,  247,  249. 
Black  river,  New  York,  grooves  and 

channelling^  76. 
Bone-bed,  Mr.  Davis  on  a,  of  the  lower 
Coal-measures,  and  an  enumeration 


of  the  fish-remains  of 
principally  composed,  332. 

Bone-bed,  section  to  show  the  pos&ksi 
of,  near  Bradford  and  Clifton,  York- 
shire, 333. 

Bone-cares,  Rev.  J.  M.  Mello  on  the. 
of  Creswell  Crags,  240. 

Bonnevie,  cross  joints  at,  148. 

Bonner,  Rev.  T.  G.,  on 
nssde,  and  spheroidal 
140. 

Bos  longifrons  in  the  surface  soil  at 
the  Robin-Hood  Cave,  247. 

Botallack,  analysis  of  bornhkod* 
from,  167. 

Botter  rock,  altered  dolerite  from,  421 

Boulder-clay  in  East  AngKa,  197. 

Boulogne-sur-Mer,  Mr.  H.  Wood- 
ward on  some  new  Macruroos  Crus- 
tacea from  the  Kimmeridge  clay  oC 
47. 

Bradford,  section  to  show  the  position 
of  bone-bed  near,  Yorkshire,  333. 

Branscomb  Mouth,  section  from  Sid- 
mouth to  Beer  Head  through,  276. 

Brentor,  altered  dolerites  from,  421. 

Bridgewater  area,  trias  of  the,  373. 

Brighton,  section  from  the  Alps  to, 
New  Zealand,  54. 

Brit Jkopvs  priscus,  353. 

British  Coal-measures,  Mr.  H.  Wood- 
ward on  the  discovery  of  a  fossil 
scorpion  in  the,  57. 

fossil  cretaceous   birds,    Prof. 

H.  G.  Seeley  on  the,  496. 

Zemglodon,  Prof.  H.  G. 

Seeley  on  the  occurrence  of  the  re- 
mains of  a,  (Z.  Wankigni,  Seeley) 
in  the  Barton  clay  of  the  Hamp- 
shire coast,  429. 

Budleigh  Salterton,  pebble-beds  of. 
382. 

Burlescombe,  pebble-beds  0$  382. 

Burntisland,  spheroidal  structure  in 
agglomerate,  150. 

Buttermere,  svenitic  mnite  of,  14, 18. 

and  EnnerdaTe  syenitic  gra- 
nite, map  showing  the  distribution 
of,  15. 

Caernsrvon,    Mr.   Marr   on   fossUi- 

feroos  Cambrian  shales  near,  134. 
Cainosoio  physical  geography  of  tbt 

Australian  seas,  345. 
Calceola  sandalina.  Prof.  Duncan  on 

the  presence  of  unicellular  algs  in, 

205. 
Calder,  Mr.  Aitken  on  the  unequal 

distribution  of  drift  about  the  source 

of  the  river,  184. 
Caldew,  granite  of,  3. 


Digitized  by  VjOOQ IC 


OENSBAL  INDEX. 


CaUianaua  Uockda,  48. 
CaUorhynchus  Hectori,  329. 
Camborne,  analysis  of  greenstone  from 
near,  174. 

and  St.  Erth,  rocks  of  the  dis- 
trict between,  172. 

Cambrian  rocks,  Dr.  J.  W.  Dawson  on 
the  phosphates  of  the,  of  Canada, 
285. 

Cambridge  Upper  Greensand,  Prof.  H. 
O.  Seeley  on  an  associated  series  of 
cervical  and  dorsal  vertebrae  of 
Polyptychodon  from  the,  433;  Prof. 
H.  G.  Seeley  on  Oroeodilus  icenicus 
(Seeley),  a  second  and  a  larger 
species  of  crocodile  from  the,  457 ; 
Prof.  H.  G.  Seeley  on  Macruro- 
Mauns  temnus  (Seeley),  a  long-tailed 
animal  with  procoelous  vertebra 
from  the,  440. 

valley,  drift-deposits  in  the,  196. 

Canada,  Dr.  J.  W.  Dawson  on  the 
phosphates  of  the  Laurentian  and 
Cambrian  rocks  of,  285. 

Canceltwia  epistomifera,  520. 

Canis  familiaris  in  the  surface-soil  of 
Robin-Hood  Cave,  247. 

lupus  in  the  Robin-Hood  Cave, 

247,  248. 

—  vulpes  in  the  Robin-Hood  Cave, 
247, 248. 

Cape  Cornwall,  altered  slates  from, 

410. 
Capra  hircus  in  the  surface-soil  of  the 

Robin-Hood  Cave,  247. 
Carboniferous  limestone,  Mr.  R.  Ethe- 

ridge,  jun.,  on  the  occurrence  of  the 

genus  Astrocrintfes  in  the  Scotch, 

103. 
,  section  of  haematite  vein 

in,  Parkside,  183. 
— group,  lower,  Mr.  R.  Ethe- 

ridge,  jun.,  on  an  adherent  form  of 

Productu*  and  a  small  Spwtferina 

from  the,  of  the  east  of  Scotland, 

454. 
Carnivorous  reptile,  Prof.  Owen  on  a, 

95. 
Carrock  Fell,  rocks  of,  16,  20 ;  hyper- 

sthenite  of,  21 ;  map  showing  the 

distribution  of,  16. 
Caryooaris  Marrii,  138. 
Castle  Horneok,  crystalline  slaty  rock 

from  Rosehill,  166. 
Cera  caves,  Mr.  D.  Mackintosh  on  the 

correlation  of  the  deposits  of  the, 

with  the  drifts  of  the  north-west  of 

England,  91. 
Ctrithwm  unueridU,  519. 

obesum,  519. 

Cervus    megaceros  and  tarandus  in 


the  Robin-Hood  Cave,  Creswell 
Crap,  247,  249. 

Chapel  rock,  rock  from,  163;  analysis 
o£l64. 

Cheeil  beach,  Proc.  6. 

Chiastolite  slate  of  the  Lake-district, 
2,3,5. 

Chillesford  clay,  Mr.  J.  Gunn  on  the 
position  of  the  forest-bed  series  be- 
neath the,  123. 

Chimnroid  jaws,  Mr.  Newton  on  two, 
from  the  Lower  Greensand  of  New 
Zealand,  326. 

Chit  Rocks,  section  from  Ladram  Bay 
to  Sidmouth  through,  276. 

Chyandour,  Penzance,  crystalline  slaty 
rock  from,  166. 

Cinderhill  cutting,  533. 

Clavatula  labiata,  527. 

Clay,  Mr.  W.  Ramsay  on  the  influ- 
ence of  various  substances  in  accele- 
rating the  precipitation  o£  129. 

Clay-slate,  metamorphism  o£  around 
granite,  9. 

Clea  truncate,  524. 

Clicker  Tor,  altered  dolerite  from, 
422. 

Cliff  sections,  Mr.  Johnston  Lavis  on 
the  Triassic  strata  exposed  in  the, 
near  Sidmouth,  274. 

Clifton,  Yorkshire,  section  to  show  the 
position  of  bone-bed  near,  333. 

dough,  C.  T.,  Esq.,  on  the  section  at 
the  High  Force,  Teesdale,  466. 

Coal,  Mr.  D.  Mackintosh  on  the  mode 
of  occurrence  and  derivation  of  beds 
of  drifted,  near  Corwen,  North 
Wales,  451. 

Coalbrook  Dale,  remanie'  gravels  of 
Proc.  5. 

Coal-measures,  Mr.  H.  Woodward  on 
the  discovery  of  a  fossil  scorpion  in 
the  British,  57. 

of  Scotland,  Mr.  H.  Woodward 

on  a  remarkable  Orthopterous  in- 
sect from  the,  60. 

Coelaoanthue  lepturus,  339. 

Columnar  structure,  Rev.  T.  G.  Bon- 
ney  on,  140. 

and    fissile   structures  in    the 

Roche  Sanadoire,  143. 

Columns  in  lava  at  Royat,  148. 

and  cross  joints,  Koche  Tuilliere, 

144. 

and   joints,    Gross   Weilberg, 

145. 

Conglomerates  of  Milverton,  382. 

Conus  marginatum  528. 

Corals,  Prof.  Duncan  on  the  presence 
of  unicellular  alga?  parasitic  within 
Silurian  and  Tertiary,  205. 
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Corals,  Prof.  Duncan  on  tome  fossil 
reef-building,  from  the  Tertiary  de- 
posit* of  Tasmania,  341. 

Cornwall,  Mr.  Belt  on  the  drift  of, 
80. 

,  Mr.  J.  A.  Phillips  on  the  so- 
called  "Greenstones  of  Western, 
165. 

Corwen,  Mr.  I).  Mackintosh  on  the 
mode  of  occurrence  and  derivation 
of  beds  of  drifted  coal  near,  North 
Wales,  451. 

C6te  St.  Pierre,  Dr.  J.  W.  Dawson  on 
the  occurrence  of  Eoeoon  canadense 
at,  66. 

Crab,  Mr.  Henry  Woodward  on  a  new 
fossil,  from  the  Tertiary  of  New 
Zealand,  51. 

Crag  Bridge,  quartc-felsite  of,  14,  18. 

Crater,  submarine,  within  the  har- 
bour of  EaraTossera,  in  the  Gulf  of 
Arta,  Proc.  123. 

Creswell  Crags,  Bey.  J.  M.  Mello  on 
the  bone-caves  of,  240. 

Cretaceous  birds,  Prof.  H.  G.  Seeley 
on  the  British,  496. 

Orocodilus  icenicus  (Seeley),  Prof.  H. 
G.  Seeley  on,  a  second  and  larger 
species  of  crocodile  from  the  Cam- 
bridge Upper  Greensand,  437. 

Croll,  James,  Esq.,  award  of  the  Mur- 
ohison  Geological  Fund  to,  Proc.  50. 

Cross  joints  and  columns,  Roche  Tuil- 
Here,  144. 

at  Bonnevie,  148. 

Crown  Hill,  section  across  the  valley 
of  the  Willow  Brook  through,  217. 

Crustacea,  maorurous,  from  the  Kim- 
meridge  Clay  of  the  Sub-Wealden 
boring,  Sussex,  and  from  Boulogne- 
sur-Mer,  Mr.  H.  Woodward  on  some 
new,  47. 

Crystalline  rocks,  altered,  from  the 
Penzance  district,  analysis  of,  162. 

slaty  rocks  from  Western  Corn- 
wall, analysis  of,  165. 

Ctenacanthus  hybodoides,  335. 

,  sp.,  335. 

Cumberland,  section  across  hematite 
deposits,  Millom,  181. 

Cup-and-ball  structure,  147. 

Curvitabular  structure,  146. 

Cynodraco  mqjor,  95. 

aerridens,  357. 

Cypraa  Gabbiana,  528. 

Dacite  of  Kis  Sebes,  analysis  of,  309. 

of  Schemnits,  analysis  of,  303. 

Davis,  J.  W.,  Esq.,  on  a  bone-bed  in 
the  Lower  Coal-measures,  with  an 
enumeration  of  the  fish-remains  of 


which  it  is  principally  composed, 

332. 
Dawkins,  W.  Boyd,  Esq.,  on  the  Mam- 
malia and  traces  of  man  found  in 

the  Bobin-Hood  Care,  245. 
Dawson,  Dr.  J.  W.,  on  the  occurrence 

of   Eozoon  canadmm  at  C6te  St 

Pierre,  66. 
,  on  the  phosphates  of  the  Lao- 

rentian    and   Cambrian    rocks    of 

Canada,  285. 
Dee,  Prof.  Ramsay  on  the  physical 

history  of  the,  219;  section  along 

the  course  of  the  Talley  of  the,  228. 
Denuding  agencies,  Proc.  4. 
Deposition,  geological,  Proc.  4. 
Deposits,  Mr.  D.  Mackintosh  on  the, 

of  the  Cefn  and  Pont-Newydd  oaves, 

91. 
Deuterotauna  biarmicHS,  357. 
Devon,  Mr.  Belt  on  the  drift  of,  80. 
,  Mr.  W.  A.  E.  Ussher  on  the 

Triassic  rocks  of  Somerset  and,  367. 
Devonshire,  Mr.  H.  B.  Woodward  on 

gravels  and  sands  of  Newton  Abbot, 

230. 

,  Trias  of,  377. 

Dinosaurian  ilium,  Mr.  Hulke  on  a 

modified  form  of,  hitherto  reputed 

scapula,  364. 
Diorite   of  Miton  Hill  and   Bound 

Knott,  16,  21. 
Diplodus  gibbosus,  336. 
Dissowa    Wrch,    section    from    the 

Eisenbach  valley  to  the  Hodritsoh 

valley  through  the,  319. 
Doe,  absence  of,  in  the  breccia  of  the 

Kobin-Hood  Care,  Creswell  Crags, 

246 ;  occurrence  of,  in  the  surlace- 

soil  of  Bobin-Hood  Cave,  247. 
Dolerites,  altered,  421. 
Dorsetshire,  drift-beds  of,  86. 
Drift,  Mr.  Belt  on  the,  of  Devon  and 

Cornwall,  80. 
,  Mr.  J.  Aitken  on  the  high-level, 

on  the  upper  part  of  the  valley  of 

the  river  Irwell,  184. 
,  Mr.  Aitken  on  the  unequal  dis- 
tribution of,  on  opposite  sides  of 

the  Pennine  chain,  184. 
deposits  in  the  Cambridge  valley, 

196. 
south   and    east    of  the 

chalk  escarpment  in  East  Angus, 

192. 
Drifts,  Mr.  D.  Mackintosh  on  the,  of 

the   north-west    of  England  and 

Wales,  91. 
Duncan,  Prof.  P.  M,  on  some  uni- 
cellular    al«B     parasitic     within 
Silurian  ana  Tertiary-corals,  with 
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a  notice  of  their  presence  in  Galoe- 
ola  sandalina  and  other  fossils,  205. 

Duncan,  Prof.  P.  M.,  on  some  fossil 
reef-building  corals  from  the  Ter- 
tiary deposits  of  Tasmania,  341. 

Dunscombe  Hill,  section  from  Sid- 
mouth  to  Beer  Head  through,  276. 

Dykes,  Mr.  R.  Mallet  on  the  mecha- 
nism of  production  of  volcanic,  472. 

Earthquakes  of  theSohemnitz  district, 
305. 

Bast  Anglia  during  the  Glacial  period, 
Mr.  Penning  on  the  physical  geo- 
logy of,  191. 

Echini,  Palaeozoic,  Mr.  W.  Keeping 
on  the,  35. 

Echinoidea,  classification  of,  40. 

Ectracheliza,  524. 

Eisenbach  valley,  section  from  the,  to 
the  Hodritsch  valley,  319;  section 
through  the  Schwatzer  Berg  passing 
through,  319. 

Elephas  primigenius,  occurrence  of,  . 
in  the  Robin-Hood  Gave,  247,  249. 

Elk,  Irish,  occurrence  of,  in  the 
Robin-Hood  Cave,  247,  249. 

Elvan  near  St.  Stephens,  175;  ana- 
lysis of,  176. 

Emys  hordwellensis  (Seeley),  Prof.  H. 
G.  Seeley  on  remains  of,  from  the 
Lower  Hordwell  beds  in  the  Hord- 
well  Cliff,  445. 

Eturliornis  Barretti,  499. 

Sedgwicki,  506. 

England,  Mr.  Belt  on  the  correlation 
of  the  drift  of  Devon  and  Cornwall 
with  that  of  the  south-east  of,  80. 

,  Mr.  E.  Wilson  on  the  Permians 

of  the  north-east  of,  533. 

and  Wales,  Mr.  D.  Mackin- 
tosh on  the  correlation  of  the  de- 
posits in  Cefn  and  Pont-Newydd 
cares  with  the  drifts  of  the  north- 
west of,  91. 

English  Channel,  shape  of  the,Proc.  6. 

Ennerdale  and  Buttermere  syenitio 
granite,  map  showing  the  distribu- 
tion of,  15. 

and  Buttermere  syenitic  granite, 

microscopical  examination  of,  18. 

Eocoon  canadense,  Dr.  J.  W.  Dawson 
on  the  occurrence  of,  at  C6te  St. 
Pierre,  66. 

Equus  caballus  in  the  Robin-Hood 
Cave,  CresweU  Crags,  247,  249. 

Etheridge,  Robert,  Jun.,  Esq.,  on  the 
occurrence  of  the  genus  Astrocri- 
nites  (Austin)  in  toe  Scotch  Car- 
boniferous-Limestone series,  with 
the  description  of  anew  species  (A. 


Benniei\  and  remarks  on  the  genus, 
103. 

Etheridge,  Robert,  Jun.,  on  an  ad- 
herent form  of  Productus  and  a 
small  Spiriferina  from  the  Lower 
Carboniferous  Limestone  group  of 
the  east  of  Scotland,  454. 

Etna,  472. 

Euganean  Hills,  analysis  of  quartzife- 
roiis  hornblende-andesite  of  the, 
309. 

Eurosaurus  uralensis,  356. 

Euscorpius  anglicus,  58. 

Evans,  John,  Esq.  ( President V  Ad- 
dress on  presenting  the  Wollaston 
Gold  Medal  to  Prof.  Huxley,  Proc. 
47 ;  Address  on  presenting  the  ba- 
lance of  the  Wollaston  Donation 
Fund  to  J.  Gwyn  Jeffreys,  Esq., 
for  transmission  to  Prof.  Giuseppe 
Seguenza  of  Messina,  48  ;  Address 
on  handing  theMurchison  Medal 
to  Prof.  Ramsay,  for  transmission 
to  A.  R.  C.  Selwyn,  Esq.,  49 ;  Ad- 
dress on  presenting  the  balance  of 
the  Muronison  Geological  Fund  to 
Prof.  Ramsay  for  transmission  to 
James  Croll,  Esq.,  50 ;  Address  on 
presenting  the  Lyell  Medal  and 
Fund  to  Prof.  Morris,  51.  Anni- 
versary Address,  February  18th, 
1876:  Obituary  Notices  of  Deceased 
Fellows: — Sir  Charles  Lyell,  53; 
Mr.  George  Poulett  Scrope,  69  ;  Sir 
William  Edmond  Logan,  76 ;  M. 
G.  P.  Deshayes,  For.  Memb.,  80; 
Mr.  W.  J.  Henwood,  82 ;  Mr.  Wil- 
liam Sanders,  85 ;  the  Yen.  Arch- 
deacon W.  E.  Hony,  86 ;  the  Right 
Hon.  Sir  Edward  Ryan,  86 ;  Col. 
R.  Baird  Smith,  C.B.,  87  ;  Mr.  T. 
G.  B.  Lloyd,  87;  Mr.  Nathaniel 
Plant,  88 ;  Mr.  M.  W.  T.  Scott,  88 ; 
Mr.  James  Middleton,  89;  Mr. 
F.  E.  Edwards,  89;  and  Mr.  N. 
T.  Wetherell,  90 ;  Address  on  the 
recent  progress  and  probable  future 
of  geological  research,  with  parti- 
cular reference  to  deep-sea  deposits 
and  the  causes  of  the  changes  of 
climate,  and  observations  on  the 
sources  of  the  water-supply  of  Lon- 
don, 91-121. 

Favre,  Prof.  A.,  sur  lea  anciens  glaciers 
du  revers  septentrional  des  Alpes 
Suisses,  Proc.  125. 

Felis  speLaea  in  the  Robin-Hood  Cave, 
Creewell  Crags,  247,  248. 

Felsite,  quartz-,  map  showing  the  dis- 
tribution of,  of  St.  John's  vale,  13 
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Fish-Kamai**,  Mr.  D*v»  on  tW.cc 

posmg  a  boot  bed  of  the 

Coal  tMwn,  332. 
Fissile  and  eolnasna 

the  Bocae  Senadoire,  143, 
stroetore,  Bev.  T.  G.  Boancy 

oo,14a 
Flint  jmulnninls  from   the  Bobin- 

Hood  Cave,  CrcaweH  Crag*,  2WL 
Flmd-eavities,  413. 
Forest-bed  series,  Mr.  J.  Gaan  on  the 

piiMMMCJL  of  the,  at  KfamgUpd  and 

PakeaVU,  m  Snfblk,  12& 
Fossil  Zeiarjodon,  Prot  H.  O.  Seeley 

ob  the  occurrence  of  remain*  of  a 

British.  (Z.   Wmmifym,  8eeky)  in 

the  Barton  Clay  of  the  HaespefflTc 

coast,  429. 
Fox,  occurrence  o£  in  the  Bobin-Hood 

Care,  Creswell  Crags,  247,  248. 
Auk*  ifotefeat,  5/24. 

Gebierowsky  Wren,  analysis  of  green- 

stoiie-traefayte  ot,  308 
Oeologieal  structure  of  the  Sehemnitz 

district,  294. 
Geology  of  Sew  York,  Mr.  Iioyd  on 

the,  76. 
Giant's  Kettle,  section  ot,  in  Lauren- 

tian  granite,  in  Pulpit  Bock,  near 

Oxbow,  7a 
Glacial  climate,  Mr.  J.  J.  Murphy  on 

the,  and  the  polar  ice-cap,  400. 
deposits  sooth  and  east  of  the 

chalk  escarpment  in  East  AwjrK* 

192.  ^^ 
period,  Mr.  Pennine  on  the  phy- 
sical geology  of  East  Anglia  during 

the,  191. 

phenomena,    classification    of, 

87. 

—  series,  Mr.  Belt  on  the  place  of 
the  drift  of  Cornwall  and  iievon  in 
the,  80. 

Glaciers,  ancient,  du  revert  septen- 
trional des  Alpee  Suisse*,  Prof.  A. 
Favre  sur  les,  Proe.  125. 

Glashutte  valley,  section  through  the 
Kohl-Berg  passing  through  the, 
318. 

Goat,  occurrence  of,  in  the  surface- 
soil  of  the  Bobin-Hood  Cave, 
247. 

Granite,  formation  of,  at  various 
depths,  28 ;  as  a  product  of  meta- 
morphism,  30. 

,  map  showing  the  distribution  of 

the  Buttermere  and  Ennerdale 
eyenitic,  15. 
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Mr.  &  Alport 
rocks 

tot  407. 
-  of  the  I*k»di*rieu  3,  5l 
,5. 
rofl 
14,1a 
Granitic    granoloa 

■Hsninijilni    rocks  of   the 
dktriet,  MrTj.  C.  Ward  on  the,  L 
Graaalile,  3ML 

Gravels,  Mr.  H.&  Woodward  on  the, 

of  Sewton  Abbot,  Devonshire,  23a 

Great  Lingy  HiU,  1 

oC  16. 2K 
Greenland,  xtoc  5* 
Green  Point,  section 

Bay  to  Ssdmooth  throng,  276. 
Greeneend,  Lower,  Mr.  3ewton   on 
two  chisasaroid  jaws  from  the,  of 
New  Zealand.  3& 

»  Upper,  Prot  H.  G.  Seeley  on 

an  associated  series  of  cervical  and 
dorsal  vertebras  of  Polyptyehodon 
from  the  Cambridge,  433. 

,  — —  ooCrocodilusienxicns 
(Seeley  X  a  second  and  larger  species 
of  crocodile  from  the  Cambridge, 

431.        ..TTir^ 

armtmus  fSeeley),  *  long-tailed  ani- 
mal with  procuclous  vertehne  from 
the  Cambridge,  440. 

Greenstone-trachytes  of  Gelnerowaky 
Wrch,  analysis  of,  30& 

of  Hungary,  29a 

Greenstones  of  Western  Cornwall, 
Mr.  J.  A.  PhilHps  on  the  so-called, 
155. 

Grooves  and  channellinga,  Black 
Biver,  New  York,  7a 

Gross  Weilberg,  columns  and  joints  in, 
145. 

Gulval,  crystalline  slaty  rock  from 
Bosemoiian,  16a 

Gunn,  John,  E#q-,  on  the  presence  of 
the  Forest-bed  series  at  Kessingland 
and  Pakefield,  in  Suffolk,  and  its 
position  beneath  the  Cbillesford 
Clay,  12a 

Guppy,  B.  J.  L^  on  the  Miocene  fos- 
sils of  Haiti,  516. 

Gurnard's-Head  district,  rocks  of,  17a 

Gyraoanthus  formosus,  334. 

tuberculatum  334. 

Gyrolepis  Bankinii,  33a 


Haematite    deposit*,    section 
Millom,  Cumberland,  181. 
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Haematite  in  the  Silurians,  Mr.  Ken- 
dall on,  180. 

vein,  section  of,  in  carboni- 
ferous limestone,  Parkside,  183. 

,  vertical  section  of,  182. 

Haiti,  Mr.  R.  J.  L.  Guppy  on  the 
Miocene  fossils  of,  516. 

Hampshire,  drift-beds  of,  86. 

coast,  Prof.  H.  G.  Seeley  on  the 

occurrence  of  a  British  fossil  Zeu* 
glcdon  in  the  Barton  Clay  of  the, 
429. 

Hare,  occurrence  of,  in  the  Robin* 
Hood  Care,  246,  217,  249. 

Harpaciocarcinus  tumidu*,  52. 

Harrison,  W.  J.,  Esq.,  on  the  occur- 
rence of  Rtuetio  beds  in  Leicester- 
shire, 212. 

Hector,  Dr.,  on  the  geology  of  part  of 
New  Zealand,  53. 

Heliastraa  tasmanienm,  342. 

Helston,  altered  dolerite  from,  422. 

Hempshill,  section  at,  533. 

Hennock,  altered  dolerites  from, 
421. 

Hicks,  H.,  Esq.,  on  the  physical  con- 
ditions under  which  the  Upper  Si- 
lurian and  succeeding  Palaeozoic 
rocks  were  probably  deposited  over 
the  northern  hemisphere,  Proc.  io. 

,  appendix  to  Mr.  Marr's  paper 

on  iossiliferous  Cambrian  shales 
near  Caernarvon,  134. 

High  Force,  Mr.  a  T.  Clough  on  the 
section  at  the,  Teesdale,  466. 

,  section  at  the,  467  ;  thin- 
ning out  of  the  basalt  at  the,  470. 

Hodntsch,  analysis  of  syenite  of, 
308. 

,  section  through  the  Schwatzer 

Berg  passing  through,  319. 

vafiev,  section  from  the  Risen- 

bach  valley  to  the,  319. 

Hog,  occurrence  of,  in  the  surface-soil 
of  Robin-Hood  Cave,  247. 

Hoplonchus,  336. 

Hordwell  Cliff,  Prof.  H.  G.  Seeley  on 
remains  of  Emys  kordwellensti 
(Seeley)  from  the  Lower  Hordwell 
beds  in  the,  445. 

Hornblende  from  Botallaok,  analysis 
of,  167. 

Hornblende-andesite  of  Rybnik,  ana- 
lysis of,  308. 

Hornblende-  and  mica-andesites  of 
SchemniU,  analysis  of,  303. 

Horn  Rock,  section  from  Ladram  Bay 
to  Sidmouth,  through,  276. 

Horse,  occurrence  of,  in  the  Robin- 
Hood  Cave,  Creswell  Crags,  247, 
249. 


Hot  springs  of  the  SchemniU  district, 

304. 
Hulke,    J.   W.,    Esq.,    appendix    to 

44  Note  on  a  modified  form  of  Dino- 

saurian  ilium,  hitherto  reputed  sca- 
pula," 364. 
Hungary,  Mr.  Judd  on  the  ancient 

volcano  of  the  district  of  Sohemnitz, 

292. 
Hunters,    palaeolithic,  north-western 

range  of,  255. 
Huxlev,  Prof.,  award  of  the  Wollaston 

Medal  to,  Proc.  47. 
Hyaenas   in    the  Robin-Hood  Cave, 

Creswell  Crags,  245,  246,  247, 248. 
Hypersthenite  of  Mosedale  Crags  and 

Round  Dale,   17,   21;    of    White 

Crags,  analysis  of,  23. 

Ice,  action  of,  Proc.  4. 

Igneous  origin,  metamorphic  rocks  of, 

41a 

Iguanodon,  pelvis  of,  364. 

Ilium,  Mr.  Hulke  on  a  form  of  Dino- 
saurian,  hitherto  reputed  scapula, 
364. 

Implements  from  the  Robin-Hood 
Cave,  Creswell  Crags,  249. 

Insect,  Mr.  H.  Woodward  on  a  re- 
markable Orthopterous,  from  the 
Coal-measures  0/ Scotland,  60. 

Insects,  fossil,  of  the  Palaeozoic  rocks, 
63. 

Irish  Sea,  Proc.  6. 

Ironstone,  implements  of,  from  the 
Robin-Hood  Cave,  Creswell  Crags, 
250. 

Irving,  Rev.  A.,  on  some  recent  sec- 
tions near  Nottingham,  513. 

Irwell,  Mr.  J.  Aitken  on  the  high-level 
drift  in  the  upper  part  of  the  valley 
of  the  river,  184. 

Ischyodus  brcvirostris,  327. 

Jefferson  County,  New  York,  grooves 
and  channellings  on  the  Black  River 
at  Watertown,  76;  Giant's  Kettle 
near  Oxbow,  78. 

Judd,  J.  W.,  Esq.,  on  the  ancient  vol- 
cano of  the  district  of  SchemniU, 
Hungary,  292. 

Kanzian  Wrch,  section  through  the 

Schwatzer  Berg  passing   through, 

319. 
Karavossera,  submarine  crater  within 

the  harbour  of,  Proc.  123. 
Keeping,  Walter,  Esq.,  on  the  Pahro- 

zoic  Echini,  35. 
,  on  the  discovery  of  Mtlonitct  in 

Britain,  395. 
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Kendall,  J.  D.,  Esq.,  hematite  in  the 
Silurians,  180. 

Kent,  drift-beds  of,  87. 

KcaaingUnd,  Mr.  J.  Gunn  on  the  pre- 
sence of  the  Forest-bed  series  at, 
123;  section  of  cliff  at,  124. 

Kimmeridge  Clay  of  the  Sub-  Wealden 
boring,  Sussex,,  and  of  Boulogne- 
sur-Mer,  Mr.  H.  Woodward  on 
some  new  micrurous  Crustacea  from 
the,  47. 

Kis  Sebes,  analysis  of  dacite  of,  309. 

Klokec  Wrch,  section  from  the  Eisen- 
bach  valley  to  the  Hodritsch  valley 
through  the,  319. 

Kohlberg,  section  through  the,  318. 

Kompberg,  section  from  the  Eisen- 
bach  valley  to  the  Hodritsch  ralley 
through,  319. 

Labyrinthodon,  Prof.  Seeley  on  the 
posterior  portion  of  the  lower  jaw 
ofa(£.  lfltwt),278. 

Labyrinthodon  Lavisi,  278. 

Labyrinthodont,  Mr.  Johnston  Lavis 
on  the  occurrence  of  an  ossiferous 
■one  containing  bones  of  a,  274. 

Ladram  Bay,  section  from,  to  Sid- 
mouth,  276. 

Lake-district,  Mr.  J.  C.  Ward  on  the 
granitic,  granitoid,  and  associated 
metamorphic  rocks  of  the,  1. 

Land's-End  mass  of  granite,  Mr.  S. 
Allport  on  the  metamorphic  rocks 
surrounding  the,  407. 

Lang  Pale,  hypersthenite  of,  21. 

La  Plata,  estuary  of  the,  Proc.  6. 

Laurentian  granite,  section  of  Giant's 
Kettle  in,  in  Pulpit  Bock  near 
Oxbow,  7a 

rocks,  Dr.  Dawson  on  the  phos- 
phates of  the,  of  Canada,  285. 

Lara,  columns  in,  at  Boyat,  148. 

Lavas,  ancient,  of  the  Schemnitz  di- 
strict 294. 

Lavis,  H.  J.  Johnston,  Esq.,  on  the 
Triassic  strata  exposed  in  the  cliff- 
sections  near  Sidmoutb,  and  a  note 
on  the  occurrence  of  an  ossiferous 
sone  containing  bones  of  a  Laby- 
rinthodont, 274. 

Leicester,  section  across  the  valley  of 
the  Willow  Brook  at,  217 ;  section 
of  rhxetic  beds,  Spinney  Hills,  near, 

21a 

Leicestershire,  Mr.  Harrison  on  the 
occurrence  of  rhastic  beds  in,  212. 

Lepidermata,  Echinoidea,  40. 

Lcpracanthus  Co  lei,  335. 

Lebus  lira  id  us  in  the  Robin-Hood 
Cave,  CresweJl  Crags,  247,  249. 


Le  Puy,  spheroids  in  an  unjomied 
column  near,  151. 

Limestone,  Plymouth,  Mr.  B.  N. 
Worth  on  certain  alluvial  deposits 
associated  with  the,  236. 

Lion,  occurrence  of  the,  in  the  Robin- 
Hood  Cave,  CresweU  Crags,  247, 
248. 

Lithia  mica,  417. 

Litkomantis  carbonarius,  63. 

Littlecomb  Hill,  section  from  Ski- 
mouth  to  Beer  Head  through,  276. 

Lloyd,  T.  G.  B.,  Esq..  geological  notes 
from  the  State  of  New  York,  76l. 

Lodes  of  Schemnitz,  322. 

Lower  Carboniferous  Limestone  group, 
Mr.  B.  Etheridge,  jun.,  on  an  ad- 
herent form  of  Productus  and  a 
small  Spiriferina  from  the,  of  the 
East  of  Scotland,  454. 

Coal-measures,   Mr.   Davis  on 

a  bone-bed  of  the,  332. 

Glacial  deposits  south  and  east 

of  the  chalk  escarpment  in  East 
Anglia,  192. 

Greensand,    Mr.    Newton    on 

two  chimseroid  jaws  from  the,  of 
New  Zealand,  326. 

Hordwell  beds,   Prof.   H.  0. 

Seeley  on  remains  of  Emps  hord- 
wellenti*  (Seeley)  from  the,  in  the 
Hordwell  Cliff,  445. 

Lyell  Medal  and  Fund,  award  of  the, 

to  Prof.  Morris,  Proc.  51. 
Lyell,  Sir  Charles,  extract  from  the 

Will  of,  Proc.  17. 
Lycotaurus  curvimola,  357,  360. 

Mackintosh,  D.,  Esq.,  on  the  correla- 
tion of  the  deposits  in  Cefn  and 
Pont-Newydd  caves  with  the  drifts 
of  the  north-west  of  England  and 
Wales,  91. 

,  on  the  mode  of  occurrence  and 

derivation  of  beds  of  drilled  coal 
near  Corwen,  North  Wales,  451. 

Maorurous  Crustacea  from  the  Kim- 
meridge Clay  of  the  Sub- Wealden 
boring,  Sussex,  and  from  Boulogne- 
sur-Mer,  Mr.  H.  Woodward  on 
some  new,  47. 

Macrurosaunu  scmnus  (Seeley),  Prof. 
H.  G.  Seeley  on  a  long-tailed 
animal  with  proocelous  vertebrae 
from  the  Cambridge  Upper  Green- 
sand,  440. 

Mallet,  B.,  Esq.,  on  the  mechanism  of 
production  of  volcanic  dykes,  472. 

Mammalia,  Mr.  W.  Boyd  Dawkins  on 
the,  found  in  the  Bobin-Hood  Care, 
245. 
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Mammoth,  occurrence  of,  in  the 
Robin-Hood  Care,  CresweU  Crags, 
247,  249. 

tooth,  implement*  of,  from  the 

Robin-Hood  Cave,  CresweU  Crags, 
249. 

Man,  Mr.  W.  Boyd  Dawkins  on  the 
traces  of,  found  in  Robin-Hood 
Care,  245. 

Map  showing  the  distribution  of  the 
quarts  felsite  of  St  John's  rale, 
13 ;  showing  a  part  of  the  boundary 
of  the  Buttermere  and  Ennerdaie 
syenitic  granite,  15;  showing  the 
distribution  of  the  Carrook  rocks,  16. 

MargkneUa  8owerbyi,  528. 

Marine  deposits,  Proc.  4. 

Marr,  J.  E.,  Esq.,  fossUiferous  Cam- 
brian shales  near  Caernarfon,  with 
an  Appendix  by  H.  Hicks,  Esq.,  134. 

Mecockirus  Pet/toni,  48. 

Megalichthys  Hibberti,  338. 

Mefio,  Rev.  J.  Magens,  on  the  bone- 
cares  of  Creswell  Crags,  240. 

MeloniU^   Mr.  W.   Keeping  on 
discovery  of,  in  Britain,  395. 

Etheridgii,  397. 

Meloeaurus  uralensis,  355. 

Mendip  area,  Trias  of  the,  367. 

Merychyus,  262. 

Merycochcerus,  Mr.   Bettany  on 
genus,  259. 

Leidyi,  270. 

temporalis,  269. 

Metamorphio  action,  minerals  pro- 
duced by,  411. 

— ,  granitic,  and  granitoid  rocks  of 
the  lake-district,  Mr.  J.  C.  Ward 
on  the,  1. 

rocks,  Mr.  S.  Allport  on  the, 

surrounding  the  Lands-End  mass 
of  granite,  407. 

Metamorphism,  distribution  of,  30; 
of  clay-slate  around  granite,  9. 

Miaulis,  Capt.,  on  the  occurrence  of  a 
submarine  crater  within  the  harbour 
of  Karavossera,  in  the  gulf  of  Arta, 
Proc.  123. 

Mica    and    hornblende    andesites  of 

Schemnitz,  analysis  of,  303. 
Mica,  lithia,  417. 

Mica-schist,  409 ;  of  the  Lake-district, 
3,  4,  5. 

Microscopic  characters  of  St -John's 
quartz  felsite  and  altered  Skiddaw 
slate,  18;  of  Crag-Bridge  quartz 
felsite,  18;  of  Buttermere  and 
Ennerdaie  granite  and  altered 
Skiddaw  slate,  18 ;  of  Carrock-Fell 
rocks,  19 ;  of  the  spherulitio  felsite 
of  Carrock  Fell,   Rae   Crags,   and 


the 


the 


Great  Lingy  Hill,  20;  of  the  dio- 
rite  of  Round  Knott  and  Miton 
Hill,  21  ;  of  the  hypersthenic  of 
Carrook  Fell,  Mosedale,  Langdale, 
and  Balliwav  Bigg,  21. 

Middle  Glacial  deposits  south  and  east 
of  the  chalk  escarpment  in  East 
Anglia,  192. 

Milber  Down,  section  from  near  New- 
ton Abbot  to,  230. 

Millom,  Cumberland,  section  across 
haematite  deposits,  181. 

Milverton,  conglomerates  of,  382. 

Minerals  produced  by  metamorphio 
action,  412. 

Miocene  fossils  of  Haiti,  Mr.  R.  J.  L. 
Guppy  on  the,  516. 

volcanic  activity  in  Hungary,  312. 

Mississippi,  Proc.  4. 

Miton  Hill,  diorite  of,  16,  21. 

Moel-Tryfaen,  Proc.  5. 

Monte  Somraa,  volcanic  dykes  of,  472. 

Morris,  Prof.,  award  of  the  Lyell 
Medal  and  Fund  to,  Proc.  51. 

Mosedale  Crags,  hynersthenite  of,  17. 

Murat,  spheroid  in  basalt  near,  150. 

Murchison  Medal,  award  of  the  to 
Mr.  A.  R.  C.  Selwyn,  Proc.  49; 
Geological  Fund,  award  of  the,  to 
Mr.  James  Croll,  Proc.  50. 

Murex  cornurectus,  521. 

textilis,  622. 

Murphy,  Joseph  John,  Esq.,  the 
Glacial  climate  and  the  Polar  ice- 
cap, 400. 

Newlyn,  analysis  of  crystalline  rock 

from,  167. 
,   East,    analysis    of   greenstone 

from,  175. 
Newton,  E.  T.,  Esq.,  on  two  chimse- 

roid  jaws  from  the  Lower  Green- 
sand  of  New  Zealand,  326. 
Newton  Abbot,  Mr.  H.  B.  Woodward 

on  the  gravels,  sands,  Ac.  of,  230. 
,  section  from  near,  to  Milber 

Down,  230. 
New  York,  Mr.  Lloyd  on  the  geology 

of  the  State  of,  76. 
New    Zealand,    Dr.    Hector   on  the 

geology  of  part  of,  53. 
,  Mr.  Newton  on  chinueroid 

jaws  from  the  Lower  Greensand  of, 

326. 
,  Mr.  H.Woodward  on  a  new 

fossil  crab  from  the  tertiary  of,  51. 
,  section  from  the  Alps  to 

Brighton,  54. 
Northern  hemisphere,  Mr.  H.  Hicks 

on  the  physical  conditions  under 

which  the  Upper  Silurian  and  suc- 
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ceeding  Palisoioic  rocks  were  pro- 
bably deposited  oyer  the,  Proc.  10. 

North  Huel  Bose,  greenstone  from, 
175;  analysis  of,  175. 

Wales,  Mr.  D.  Mackintosh  on 

the  mode  of  occurrence  and  deri- 
Tation  of  beds  of  drifted  eoel  near 
Corwen,  451. 

Nottingham,  section  of  Permian  and 
Triassic  rocks  on  the  Great  Northern 
Bailway  near,  536. 

,  Mr.  A.  Irring  on  some  recent 

sections  near,  513. 

Oreodon.262. 

Orthacanthus  cylindricus,  336. 

Oithopterous  insect,  Mr.  H.  Wood-  * 

ward  on  a  remarkable,  from  the 

Coal-measures  of  Scotland,  60. 
Orthopus  prtmrnvus,  353. 
Ossiferous  sone,  Mr.  Johnston  Laris 

on  an,  containing  bones  of  a  Laby- 

rinthodont,  274. 
Owen,  Pro£,  evidence  of  Theriodonts 

in  Permian  deposits  elsewhere  than 

in  South  Africa,  352. 
,  eridence  of  a  carnivorous  reptile 

(Cynodraco  major)  about  the  sise 

of  a  lion,  with  remarks  thereon,  95. 
Ox,  short-horned,  occurrence  o£  in 

the  Bobin-Hood  Care,  247. 
Oxbow,  Jefferson  County,  New  York, 

Giant's  Kettle  near,  78. 


Pakefield,  Mr.  J.  Gunn  on  the 

senoe  of  the  forest-bed 

section  of  cliff  at,  124. 

PaUsachfya  perforans,  210. 

Palackmus  intermedins,  37 


:he  pre- 
•t,f23; 


was,  38. 

spharicus,  J 


>  sp/umcus,  38. 
Paleolithic    hunters,    north-western 

range  of,  255. 
Paleozoic  Echini,  Mr.  W.  Keeping  on 

the,  35. 

insects  and  arachnids,  63. 

rocks,    Mr.   H.    Hicks   on  the 

physical  conditions  under  which  the 

Upper  Silurian  and  succeeding,  were 

prooably  deposited  orer  the  northern 

hemisphere,  Proc.  10. 
Pareiasaurus  bombidens,  44. 

serridens,  45. 

Parkside,  section  of  haematite  vein  in 

Carboniferous  Limestone  at,  183. 
Paul  Hill,  crystalline  slaty  rock  from, 

165. 
Peake  Hill,  section  from  Ladram  Bay 

to  Sidmouth  through,  276. 
Pebble-beds  of  Budleigh  Salterton  and 

Burleeoombe,  382. 


Peodower  core,  analysis  of  crystalline 
rook  from,  171. 

Pennine  chain,  Mr.  Aitken  on  the  un- 
equal distribution  of  drift  on  op- 
posite sides  of  the,  184. 

Penning,  W.  HL,  Esq.,  notes  on  the 
physical  geology  of  East  Anglia 
during  the  facial  period,  191. 

Penzance,  crystalline  slaty  rock  from 
Chyandour,  166. 

district,  analyses  of  altered  crys- 
talline rocks  from  the,  162. 

Perisc hodomus,  35. 

Permian  deposits,  Prof.  Owen  on  eri- 
dence of  xheriodonts  in,  elsewhere 
than  in  South  Africa,  352. 

and  Triassic  strata  near  Not- 
tingham, 513,  533. 

Permians  of  the  north-east  of  Eng- 
land, Mr.  EL  Wilson  on  the,  533w 

Pic  de  Sancy,  columns  of  trachyte 
curving  to  a  joint  in  the,  142. 

Picked  rock,  section  from  Ladram 
Bay  to  Sidmouth  through  the,  276. 

Phillips,  J.  A.,  Esq.,  on  the  so-called 
"greenstones*  of  Western  Corn- 
wall, 155. 

Pkorus  delect**  529. 

Phosphates,  Dr.  Dawson  on  the,  of 
the  Laurentian  and  Cambrian  rocks 
of  Canada,  285. 

Physical  geography  of  the  Australian 
seas  in  Csinoxoic  periods,  345. 

geology  of  East  Anglia  during 

the  Glacial  period,  191. 

Plan  of  arrangement  of  hsstnatite  de- 
posits, Millom,  Cumberland,  181. 

Pleuraoanthus  laevissimus,  336. 

Pleurodus  affinis,  337. 

Bankini,  337. 

Pleurotoma  contort,  527. 

squamosa,  527. 

Pliocene  deposits  south  and  east  of 
the  chalk  escarpment  in  East 
Anglia,  192. 

Plymouth  limestone,  Mr.  R.  N.  Worth 
on  certain  alluvial  deposits  associ- 
ated with  the,  236. 

Polar  ice-cap,  Mr.  J.  J.  Murphy  on 
the  Glacial  climate  and  the,  400. 

Polden  bills,  trias  north  of  the,  367 ; 
trias  of  the  area  of  the,  373. 

Polyptychodon,  Prof.  H.  G.  Seeley  on 
an  associated  series  of  cerrical  and 
dorsal  vertebras  of,  from  the  Upper 
Greensand,  433. 

Pont-Newydd  caves,  Mr.  D.  Mackin- 
tosh on  the  deposits  of  the,  91. 

Postglacial  deposits  south  and  east  of 
the  chalk  escarpment  in  East  Anglia, 
195. 
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Precipitation  of  clay  suspended  in 
water,  Mr.  W.  Kainsay  on  the 
influence  of  Tarious  substances  in 
accelerating  the,  129. 

Productus,  Mr.  R.  Etheridge,  jun.,  on 
an  anherent  form  of,  and  a  small 
Spirifcrina  from  the  Lower  Carbo- 
niferous limestone  group  of  the 
east  of  Scotland,  454. 

Productua  complectensj  462. 

Prudelle,  Plateau  de  la,  curvitabular 
structure  in  the,  146. 

Pulpit  Bock,  section  of  Giant's  Kettle 
in  Laurentian  granite  in  the,  78. 

Quarts,  413. 

Quartc-andesites  of  Scbemnits,  analy- 
sis of,  303. 

Qnarta-felsite  of  St.  John's  rale,  12, 
18,  22 ;  of  Crag  Bridge,  14,  18. 

Quarts-trachytes  of  Schemnitz,  analy- 
sis oC  303. 

Quartnte,  implements  of,  from  the 
Robin-Hood  Care,  Creswell  Crags, 
250. 

Rae  Crags,  spherulitic  felsite  of,  20. 

Ramsay,  Prof.  A.  C,  how  Anglesey 
became  an  island,  116. 

,    note    to    Mr.    W.    Ramsay's 

paper  on  the  influence  of  Tarious 
substances  in  accelerating  the  pre- 
cipitation of  clay  suspended  in 
water,  132. 

,  on  the  physical  history  of  the 

Dee*  Wsles,  219. 

Ramsay,  William,  Esq.,  on  the  in- 
fluence of  Tarious  substances  in 
accelerating  the  precipitation  of 
clay  suspended  in  water,  with  a 
note  by  Prof.  Ramsay,  129. 

Reindeer,  occurrence  of,  in  the  Robin- 
Hood   Cave,  Creswell  Crags,  247, 
249. 
ptile,  Prof.  Owen  on  a  carnivorous, 


Rhjetic  beds,  Mr.  Harrison  on  the  oc- 
currence of,  in  Leicestershire,  212. 

— ,  section  of,  Spinney  Hills, 

near  Leicester,  213. 

Rhinoceros  tichorhinus  in  the  Robin- 
Hood  Cave,  Creswell  Crags,  247, 
249. 

Bhotckinu*  irregularity  37. 

Rhopalodon  Wangenheimii,  355. 

Rhyolites,  Hungarian,  299. 

of  Schemnitz,  analysis  of,  303. 

River  action,  Proc.  4. 

Lemon,    section     from    near 

Newton  Abbot  to  Milber  Down 
through,  230. 


Robin-Hood  Cave,  Mr.  Boyd  Daw- 
kins  on  the  Mammalia  and  traces 
of  man  found  in  the,  245. 

,  sections  in  the,  242,  243. 

Roche  Sanadoire,  columnar  and  fissile 
structures  in  the,  143. 

Tuilliere,  columns   and   cross 

joints  in,  144. 

Roeehill,  Castle  Horneck,  crystalline 
slaty  rock  from,  166. 

Rosemorran,  Gulval,  crystalline  slaty 
rock  from,  166. 

Rougeao,  section  at,  147. 

Round  Dale,  hypersthenite  of,  17. 

Knott,  diorite  of,  16,  21. 

Rowley  -  Regis  basalt,  complicated 
spheroidal  structure  in,  151. 

Royat,  columns  in  lava  at,  148. 

Rudna  valley,  section  from  the  Eisen- 
bach  valley  to  the  Hodritsch  valley 
through  the,  319. 

Rybnik,  nornblende-andesite  of,  analy- 
sis of,  308. 

St.  Austell,  altered  dolerite  from,  422. 

St.  Erth  and  Camborne,  rocks  of  the 
district  between,  172. 

St.  Ives  district,  rocks  of,  172. 

St  John's  vale,  quarts-felsite  of,  12, 
18. 

St.  Michael's  Mount,  altered  slates 
from,  411. 

St  Stephens,  elvan  near,  175 ;  analy- 
sis of,  176. 

Salcombe  Hill,  section  from  Sidmooth 
to  Beer  Head  through,  276. 

Sanadoire,  Roche,  columnar  and  fis- 
sile structures  in  the,  143. 

Sandstone,  flowerpot-shaped  blocks  of, 
at  Theresa,  Jefferson  County,  New 
York,  78. 

Schemnitz  district,  geological  struc- 
ture of  the,  294. 

,  Mr.  Judd  on  the  ancient  vol- 
cano of  the  district  of,  292. 

Schist,  mica-,  409. 

,  spotted,  of  the  Lake-district,  2, 

4,6. 

— ^,  tourmaline-,  408. 

Schuttrisberg,  aplite  forming  a  vein 
in  gneiss  at,  320. 

,  section  through  the  Kohl  Berg, 

passing  through,  318. 

Scbwatzer  Berg,  section  through  the, 
319. 

Scorpion,  Mr.  H.  Woodward  on  the 
discovery  of  a  fossil,  in  the  British 
Coal-measures,  57. 

Scotland,  Mr.  H.  Woodward  on  a  re- 
markable fossil  Orthopterous  insect 
from  the  Coal-measures  of,  (50. 
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